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FOREWORD. 



In view of the continually increasing depths from which mining will have to be 
carried on in the immediate future on the Witwatersrand Gold Fields, and also on many 
other mining areas throughout the world, the question of winding ropes, and the conditions 
which they are now, and will be still more, required to meet becomes of paramount 
importance. The subject has been kept well in the forefront for many years, and much 
investigation and research have been devoted to it by South African engineers. The 
problems connected with the subject have been dealt with in numerous papers and 
discussions which have been recorded in the Transactions of the Solith African Association 
of Engineers, the Journal of the Transvaal Institute of Mechanical Engineers, and the 
Proceedings of the South African Instit^ition of Engineers, into which the two previously- 
mentioned societies were merged in 1911. The Committee of the present Institution have 
now deemed it advisable to bring into a single book for easier reference these records 
which are scattered through so many volumes of the above-mentioned societies from 1902 
to the present date. 

The first serious consideration of the many questions surrounding the use of wire 
ropes was initiated by Mr. Hans. C. Behr's paper of 1902, entitled ** Winding Plants for 
Great Depths." Leading extracts from this, and from the subsequent discussions, open the 
present compilation, followed by . all the papers, or extracts tnerefrom, and discussions* 
dealing directly with the subject of the rope itself, its manufacture, adoption to given 
conditions, use, life and preservation. The various contributions are given in chronological 
order. 

As the subject has been followed up on the Witwatersrand there appears a tendency 
to deal with the various stress under two heads : — 

(1) The consideration of the rope as regards the static stress from the point of 

suspension to the load, which may be considered subject to fairly uniform 
conditions, and more definite factors; and 

(2) The consideration of all other strains to which the rope is subjected, such as 

the bending and torsional stresses on drum and sheave, stresses due to starting,, 
acceleration and retardation, to kinetic shocks, etc. All of these latter etresses- 
are more complicated, as they vary so greatly with the winding equipment and 
conditions of each individual installation. 

Much interesting matter dealing wrth the incidence of the various stresses due to 
starting, acceleration and retardation on the safety factor will be found in Mr. Hans C. 
Behr's paper on ** Winding Plants for Great Depths," and the subsequent discussions. The 
consideration of these stresses is so bound up with engine and drum construction as to 
constitute a very wide subject of itself. 

Although in this compilation the subject of wire ropes is dealt with somevrhat 
parochially as applied to the deep level mines of the Witwatersrand, the various questions 
considered are of world-wide importance, and it is hoped that the present volume will be 
of assistance to mining engineers engaged in confronting similar problems in naany other 
mining districts, and will lead to wider research and collaboration in the solution of the 
many questions surrounding the subject of deep winding, from both the safety and 
economic viewpoints. 
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No attempt is made to strike any balance between the older and newer ideas, or 
to emphasize opmions which must obviously become more correct as both research and 
experience advance. — Ed. 



PREFATORY NOTE TO MR. H. C. BEHR'S PAPER ON '' WINDING PLANTS 

FOR GREAT DEPTHS." 

It is only possible within the scope of the present compilation to give extracts which 
bear directly on the subject of wire ropes from the historic paper of Mr. Hans C. Behr, 



separate plans, diagrams and tables. 

The paper dealt with the subject of deep winding mainly from the view of the 
winding systena and winding engines employed, and the respective merits of single lift 
•Versus stage winding. Wire ropes were also considered, and the question of the use of 
taper ropes as against uniform section ropes was fully dealt with. 

The paper was also read before the Mining and Metallurgical Engineers' Society 

in London, and some extracts are given from the discussion by that society. In the 

Johannesburg discussion the subject of the rope bulked more largely, and more copious 
extracts are given. 

The Editor regrets that he has been compelled to be very drastic in taking out the 
-extracts which follow, and especially regarding the subjects of acceleration and retardation, 
but these are so interwoven with the subjects of winding engines, drum form, and winding 
conditions generally that readers who are interested must perforce be referred to the 
original volumes mentioned above. In his final reply, Mr. Behr, in speaking of the wide 
field taken by the discussion, remarked that " He expected the discussion upon his paper 
would be chiefly directed to two subjects, viz. : (1) The comparison as to cost and 
efl&ciency between hoisting by sheaves and hoisting by conical drums; and (2) the 
comparison between hoisting bv single lift and hoisting in stages." (Page 858, Vol. VI, 
Part 1). 

The following extracts deal only as far as possible with the rope itself, and the 
stresses affecting the safety factor, but give the many suggestions regarding wire ropes 
which largely prompted the research and investigation detailed in the succeeding specialised 
papers which form the bulk of the present compilation. 

Page and illustration reference numbers are retained as they appeared in the original 
publication. — Ed. 
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Winding Plants for Great '. 

By Hans C. Behr, Member. 



In many extensive deep-level mining 
operations, thanks to modern large-scale 
methods, the present works are being so 
rapidly exhausted of their ore that, in 
order to be able to continue the enterprise 
further, developments at still greater depths 
become necessary. A depth of nearly 5,000 
ft. has already been reached in the Lake 
Superior copper region, and the proposition 
of depths exceeding this is at present being 
seriously considered.* 

The chief and most difficult problem with 
increased depth is that of the winding plant. 
A number of different arrangements have 
been proposed as a solution. 

Opinions seem mainly divided on the 
question as to whether it would be possible 
or economically preferable to raise the load 
in a single lift from, for example, a depth 
of 6,000 or even 8,000 ft., or whether it 
might not.be necessary to resort to winding 
in stages with intermediate dumping and 
loading stations. The single lift for such 
depths necessitates taper ropes, the manu- 
facture of which, however, presents no diffi- 
culty, while the wear ought reasonably not 
to exceed that of ordinary ropes under simi- 
lar conditions.! 

In fact a taper rope of material possess- 
ing, high ultimate strength, like plough 
steel, and with a factor of safety of 7, is 
hardly warranted for a depth of 3,000 ft., at 
least not with cylindrical drums. Its use 
on conical drums admits of a lower ratio of 
end diameters, thereby reducing the neces- 
sary maximum diameter and the moment of 
inertia of the drum. 

# # # # 

{Page 37). It was shown in a preceding 
paragraph that the ratio of end diameters 
could be reduced by the use of tapering 
ropes. Such reduction can be made still 
greater if the ropes are made of material 
having a higher ultimate strength, and per- 
mitting, therefore, with the same factors of 
safety, a greater working stress for the 
material, so that the ropes can be made 
still lighter. The smaller diameter of the 
taper ropes also gives less width, of drum, 
and, since the wires are also generally smal- 
ler, there will be for the same diameter of 
drum less stress in the wires due to bend- 
ing. 



There are now used in a large number of 
places, ropes made of material having an 
ultimate strength of 240,000 to 250,000 lb. 
per sq. in., without experiencing trouble- 
some brittleness of the wires. With an 
initial factor of safety of 7, based on an 
ultimate strength of material = 245,000 lb., 
and on the static load at rest, this would 
give a load stress of 35,000 lb. In all pre- 
ceding cases the stress was taken at 30,000 
lb., making the ropes very much heavier at 
greater depth. J 

The intluence of the factor of safety 
becomes more marked with increasing 
depth, much more so however for ropes of 
uniform section than for tapering ones. 



The Tamarack Mining Co. ha« three shafta, 4,450, 
4,650 and 4,750 ft. deep respectively. The Calumet 
and Hecla has a shaft 4,900 ft. deep. 

t Round taper ropes were tried at some of the 
mines of the Comstock as early as 1875. One of 
these ropes was used to operate a 37-degree incline, 
1,400 ft. long, through a shaft 1,400 ft. deep, from 
a winder at the surface. For such conditions, the 
use of a taper rope would not be warranted, even if 
the fact be taken account of, that the material avail- 
able at that time was of lower ultimate strength 
and much inferior in quality to that now in use. 
.From the records of the mine, which were traced up 
at the writer's request by the manufacturers of the 
rope (A. Roebling, Sons & Co.), it appears that the 
rope was in use from 1876 to 1884. Probably trips 
were not very frequent during this time. The rope 
was 2 in. at the top and 1} in. at the lower end. 
The load at the end of the Tope was 10 or 12 tons. 
Roeblings furnished four taper ropes for the mines 
on the Comstock. On* of these worked only 9 
months in the Savage Incline, and was then taken 
out, not on account of deterioration of the rope, but 
because the expense of operating the incline was too 
great. 

At the mines of Przibram, taper ropes were used 
over 20 yeaYs ago for a vertical depth of about 
3,900 ft. In the " Const ructeur," Reuleaux gives 
the followmg data regarding them. 

They were built of cruciblesteel wire having an 
ultimate strength of about 120,000 lb., and were 
made with a very regular taper, starting from the 
small end. One wire was cut at about every 16 ft. 
and a larger one was brazed on. Consecutively in 
the process, larger ones were joined on until the 
rope was complete. Each rope was composed of 7 
strands around a hemp centre, each strand consisting 
of 6 wires around a hemp core. The initial factor 
of safety due to static load conditions alone, and, 
without considering the effects of bending, was about 
7, and it is stated that the ropes lasted from 3 to 4 
years. 

t In the United States, factors of safety as low 
as 5 are often used, based on load at rest and not 
taking account of stress due to bending. 
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Since cylindrical drums without tail-ropes 
should properly only be used for moderate 
depths, generally not exceeding say, 2,000 
ft. vertical, it will not be necessary to con- 
sider them in connection with a lighter rope 
tnade of material of higher strength, the 
effect of the reduced weight having only a 
slight influence for moderate depths. With 
tail-ropes, which permit of using cylindrical 
drums for somewhat greater depths, taper 
ropee cannot be used ; but the greater weight 
of rope does not affect the static conditions, 
only adding to the moment of inertia. In 
the following, therefore, the invefitigatious 
will be confined to conical drums, as they 
seem to be the only ones suitable for great 
depths. 



* 



[In the course of a series of suggested 
equipments for winding from various depths 
the Author considers winding from a depth 
of 6,000 ft. vertically in a single lift, assum- 
ing a load of 10,000 /[>., and a skip weigh- 
ing 6,600 Ib.y and winding at the rate of 
100*5 tons per hour. This is several times 
referred to in the discussion as Case IX. — 
Eb.] 

{Page 41). Tlie rope must necessarily be 
tapering, or rather made of sections increas- 
ing in size towards the top. The lowest 
section of a tapering rope is properly made 
a little longer than the others, so as to give 
a somewhat higher factor of safety at the 
lowest point, where attachment is made to 
the skip, and where breaks most frequently 
occur. In the present case, the rope is 
made in four sections, the lowest and 
longest being 1,800 ft., while the other 
three are 1,400 ft. each. The proportions 
and weights of the sections of rope are 
shown as under: — 

Top section, 1,394 ft., weight 4,200 lb., 

diam. of rope 1'60 in. 
Next section, 1,400 ft., weight 4,740 lb., 

diam. of rope 1*45 in. 
Next section, 1,400 ft., weight 3,980 lb., 

diam. of rope 1'33 in. 
Lower section, 1,8(X) ft., weight 4,300 lb., 

diam. of rope 1*22 in. 

The total weight of the rope is 18,676 lb., 
b&sed on an ultimate strength of material of 
245,000 lb., and a load factor of safety of 7 
at the upper ends of the sections. For the 
same factor and strength of material, a rope 
of uniform section would weigh ahout 
38,000 lb., or over twice as much as the 
taper rope. The diameter of the rope of 
uniform section will be about 2 in., while 



the average diameter of the taper rope will 
be about 14 in., ao that a drum about 40 % 
wider per coil of rope would be required for 
the rope of uniform section. The drum 
shell would also have to be thicker on 
account of the greater strain due to the 
extra weight of rope. The weight and 
moment of inertia of the drum would there- 
fore be increased in proportion to the 
greater width and thickness of shell, if the 
other dimensions of the drum remain the 
same in both cases. 

But if equal st«<tic moments are desired 
at the ends of the trip for both cases, then, 
if the small end be 10 ft. diam. for both 
drums, the larger diameter in the case of 
the rope of uniform section would have to 
be over 40 ft., while for the taper rope as 
above it will only have to be 26 It. The 
larger diameter, though reducing the width 
of drum, would give an enormous increase 
of weight and moment of inertia, while the 
very steep cone would aggravate the danger 
of the rope slipping in winding, which 
already is serious with the slope of the 
drum of 26 ft. diam. It will therefore only 
be of interest to investigate the latter. 

In connection with deep winding, it may 
be noted, in parenthesis, that with great 
depth it will probably be found, nearly 
always, most economical to use a rather 
low factor of safety and change the ropes 
more frequently, than to employ a high 
factor of safety with a longer period of use 
for the ropes. Such a proceeding would-give 
more favourable drum proportions and 
smaller size of engine or motor, with cor- 
responding reduction in first cost. The 
saving in interest and depreciation, and in 
the amount of power required, would gener- 
ally be greater than the extra operating cost 
due to more frequent replacement of ropes. 

Where separate winders are used for men 
and rock, as will probably be necessary in 
all deep-winding propositions, the rOpes 
could be first used on the man-hoists with 
a suitable factor of safety, and. after a cer- 
tain amount of usage, be transferred to the 
rock-hoist, in which a much lower factor of 
safety is generally admissible, so that quite 
a long period of use can be had for the 

ropes in such cases. 

# * * * 

(Page 52). It is of course evident that 
circumstances must decide which system of 
stage-winding is the proper one to choose in 
each case, or whether a single lift might be 
the best plan to adopt. The foregoing 
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analyses and discussions have sKown the 
more important defects of the single lift 
when applied to such vertical depths as 
6,000 ft. It is probable, however, that the 
single lift may in many cases be best for a 
vertical depth of 4,000 or even 4,500 ft. 
For inclines of moderate angle, the ratio of 
end diameter of the cone drums is not so 
great, and more favourable condition ,i then 
exist for the employment of the single lift, 
even for inclines of greater length. 



LONDON DISCUSSION. 

[The following are extracts from the dis- 
cussion of the paper by the Institution of 
Mining and Metallurgy in London. — ^Ed.] 

(Page 63), Mr. L. F. Whitmorb said 
Mr. Behr inferred that the Whiting system 
was not a suitable one for great depths. He 
(the speaker) was half inclined to think that 
there was a difference of opinion on this 
point. Calculating it out roughly, taking 
the ultimate stress of the ropes, as given 
on p. 38, and the same load, 6,000 lb., of 
ore with a skip of 4,000 lb., a Whiting hoist 
with a factor of 7 to 1 with 1\ in. diam. 
rope would hoist from a vertical depth of 
probably 5,000 ft., with 1^ in. rope 
it would hoist from a depth of about 
6,000 ft., and with a If in. rope from 
a depth of 7,000 ft. At these great depths, 
in order to get the necessary amount of ore 
to the surface per hour, the load would 
probably have to be increased to make up 
for the extra time taken to do the wind, in 
which case with If in. diam. rope about 
8,500 lb. could be hauled from 6,000 ft. If 
they adopted the Igwer factors, which, it 
was stated, were adopted in the United 
States, of 5 to 1, he believed it would be 
possible to wind from a depth of nearly 
10,000 ft. by 1} in. diam. rope. These 
figures would apparently bear out the 
opinion that the Whiting system was very 
adaptable for great depths. The Whiting 
system was certainly in use at 5,000 ft. at 
the Calumet, and there were many hoists 
built for that depth and greater. As a mat- 
ter af fact there were seven hoists being 
built and already built for the Rand, to haul 
from a depth of 5,000 ft. and probably 
exceeding that. 

# # « # 

{Page 77.) The President (Mr. A. G. 
Charleton) said Mr. Whitmore had made 
the remark that the factor of safety in the 
United States was not as high as that which 



appeared to be required in the Band, one 
being 7, and the other 5; and this was an* 
other matter that must be taken into ac- 
count, as it would be apt to modify the con- 
ditions which had to be provided for ; but 
doubtless a high factor of safety was desir- 
able, especially when winding from great 
depths. 

# # # # 

{Page 80.) Mr. Bennett H. Brouou : 
Owing to recent progress in steel manufac- 
ture, it is possible to have cast steel wire- 
ropes with a tensile strength of over 114 
tons per square inch. In other words a 
rope of such material may be 59,000ft. long 
before it broke from its own weight. It 
seems, therefore, that with winding in two 
stages there was ample scope for the ex- 
tended use in the future of the Lake Supe- 
rior practice of using ropes of uniform sec- 
tion. The results obtained with taper ropes 
of special cast-steel wnre at Przibram, in 
Bohemia, have been dscribed in great de- 
tail by Mr. Carl Haberniann.* The results 
recorded, especially with ropes of English 
manufacture, are certainly admirable. Great 
diflftculty was, however^ experienced owing 
to the liability of corrosion shown by all 
ropes of that kind wherever manufactured. 

(Page 81.) Professor C. Le Neve 
Foster : I find in notes I made at the Paris 
Exhibition, 1900, that the " Chatillon, 
Commentry and Neuves-Maisons " Com- 
pany exhibited a specimen of wire rope 
made of nickel steel with a tensile strength 
of 210k. per square mm., or say 135 tons 
per square in. In addition to its great ten- 
sile strength, this metal has the further ad- 
vantage of not oxidising. It may possibly 
have a great future in the manufacture of 
wire ropes. At present its price is so high 
that its use would not be allowable save in 
special cases. 

# # # # 
(Page 91.) Mr. Befir, replying to the dis- 
cussion, made the following remarks on -the 
subject of W^ire Kopes : — Speaking of taper 
ropes Mr. Whitmore claims that they are 
less secure at the lower end than a rope of 
uniform section, ropes generally breaking at 
the end where they are attached to the 
cage. This greater strength of ropes of 
uniform section at the point of attachment 
to the load is only secured where no tail- 

i rope is used. The lower part of taper ropes 

• " Oesterreichische Zeitflchrift/' vol. xliii, p. l^^ 
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is properly made of uniform section for a 
considerable length, so that the factor of 
safety is greater at the end where attached 
to the load than at the drum. Thus if the 
factor is 7 at the upper end of the part of 
uniform section, it will be over 9 at the end 
attached to the skip if the part of uniform 
section is about 2,000 feet long. 

# # # # 

(Page 94.) Some of the contributors to 
the discussion expressed a hopeful view of 
the improvement in rope material in the 
near future, so as to meet the necessities of 
deep winding as soon as they devel- 
oped. Considerably stronger material than 
the best special so-called plough steels now 
used has been made and used in ropes; but 
manufacturers rightly do not recommend 
such material for winding ropes, on account 
of its brittle nature and its liability to give 
way suddenly under shock.- Piano wire 
has a tensile strength 25% to 50% higher 
than that of the plough steel referred to; 
but it can only attain this strength by being 
drawn to a smaller size than is advisable for 
winding ropes, for the wires of these ropes 
should be stout enough to prevent corrosion 
and wear reducing their cross section too 
rapidly for economy in working. It seems 
posible or even probable, however, that im- 
provements in rope material will be made; 
but how soon ? It would seem wiser to rely 
on known material than to calculate on 
what the future might have in store, and 
to design plants suitable for the materials 

of to-day. 

# # # # 

{Page 95.) I fail to reconcile Mr. 
Brough's statement, that all taper ropes 
give trouble from corrosion, with the fact 
that taper ropes are being used at Przibram, 
and are said to last often three years.* 



JOHANNESBUKG DISCUSSION. 

The folloiving are extracts from the dis- 
cussions on the paper hy the Souih African 
Association of Engineers at Johannesburg. — 
Editor. 

{Page 101.) Mr. E. T. Sederholm con- 
tributed the following remarks on the sub- 
ject : The Rand Mines, Ltd., had adopted 
as a standard an engine to lift four short 
tons of rock from a maximum depth of 6,600 
feet. This required a plough steel rope of 



♦ C Habermann " Oest. Zeit.fur BerR-und Hutten- 
wesen," 1890, p. 430; 1895, p. 193. 



only 1^ in. diam. on drums 12ft. in dlam.« 
and such a rope over 12ft. drums wa& 
strained considerably less per square incb 
of net section than the 1.6in. taper rope 
which Mr. Behr proposed to use on a drum 
10ft. in diam. at the small end. He would 
refer to this, later on, but mentioned it h(;re 
to show that, contrary to Mr. Behr's idea, 
there was no difficulty at all in using a rope 
of uniform section for depths as great aa 
5,600ft., and even greater if necessary. 

ik^ ik ik ^ 

{Page 103.) In speaking about safety of 
ropes, Mr. Behr assumed that a factor of 
safety of 7 should be used, although he said 
that in the United States a factor as low as 
5 was common. This was correct, but not 
in the sense employed by Mr. Behr. He 
calculated the strength of the rope as if it 
were a straight wire loaded at one end and 
held fast at the other. In reality, the 
wires composing the rope were subjected 
not only to the strain due to the direct 
pull of the load, but also to the strain of 
bending around the drum, which was often 
of small diameter. This bending strain was. 
very serious, and could not safely be neg- 
lected. It was extremely difficult to calcu- 
late this bending strain exactly, on account 
of the complicated shape of each wire as it 
was laid in the rope, and of the friction be- 
tw^een the different wires, w-hich could not 
well be estimated. It would, however, be 
seen that these two factors operated in 
opposite directions. Each wire, instead of 
being simply a straight wire bent around 
the drum, formed a spiral, and this spiral 
as a whole formed another spiral. The 
result was that instead of a plain bending 
strain being set up, the strain became a 
combination of a bending strain with a tor- 
sional strain, and, as a mater of fact, this 
torsion or twist was such that it lessened 
ibhe strain which would arise if it were at- 
tempted to simply bend a straight wire 
arotmd the drum. On the other hand, as 
stated above, the wires were held together 
by friction, so that the rope forms a fairly 
solid mass. Each wire could therefore not 
adjust itself perfectly to the strain, and as 
a consequence, when the rope was bent 
around the drum, the wires were more 
strained than they otherwise would be. The 
condition might, therefore, be assumed to 
be the same as if we had a loose bundle of 
straight wires and attempted to bend them 
around the drum. While this was not 
strictly correct, it was probably as near the 
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truth as we could get, and certainly ropes 
calculated on such an asfiumptdon bore out 
this view, since they agreed very closely in 
size with the ropes used in best practice. In 
calculating the size of ropes, he had there- 
fore always separated the two strains, that 
due to the load alone, and that due to the 
bending alone. Adding the two together 
he obtained the total working strain in the 
rope. The accompanying graphical table 
(Plate XXVI), worked out by him some 
years ago, would further illustrate what he 
meant. From this it would be seen wha^ 
an important role the diameter of the drum 
played in the strength of ropes, and he 
would like to call Mr. Behr's attention to 
the fact, that, in- his different assumptions 
of strength of rope, the actual strain varied 
considerably, on account of this influence 
of the drum. 

It was undeniable that a taper rope 
would weigh less than an ordinary rope of 
even section throughout; but, at the same 
time, it must be borne in mind that the 
large diameter of the taper rope was but 
little less than the diameter of a rope of 
uniform section, and since this large diame- 
ter had to be bent around the small end of 
a taper drum, the other end of the same 
drum becomes very large if reasonable bal- 
ance is obtained. A perfect balance for all 
conditions of hoisting could not be obtained 
at all. When there was added to this, the 
comparative diflficullty of obtainiing taper 
ropes, also the fact that they have to be 
specially made for each depth of mine, and 
that, after all, straight ropes could bo had 
that would hoist a reasonable load from 
even 5,500ft. depth, it appeared that the 
adoption of taper ropes meant going a long 
distance out of the way in order to obtain 
a small advantage, which was coupled with 
serious disadvantages. 

(Page 107.) Mr. Behr asked to be per- 
mitted to make a few remarks before the 
discussion proceeded. 

•He said that he noticed several places in 
Mr. Sederholm's communication where the 
latter had misquoted him, or misunder- 
Rtood the text of his paper. This might be 
due to careless composition on his part; 
but while he did not wish to reply at full 
length to Mr. Sederhotai's remarlcs at pres- 
ent, he thoug-ht attention ought to be called 
to these misunderstandings before the dis- 
cussion proceeded further. This would be 
only fair to the original paper, and would 
save time in the end. 



Mr. Sederholm had said: — '* In speaking 
about safety of ropes, Mr. Behr assumed 
that a factor of safety of 7 should be used, 
although he said that in the United States 
a factor as low as 5 was common. This 
was correct, but not in the sense employed 
by Mr. Behr. He calculated the strength 
of the rppe as if it were a straight wire 
loaded at one end and held fast at the 
other. In reality, the wires composing 
the rope were subjected not only to the 
strain due to the direct pull of the load, but 
also to the the strain of bending around the 
drum, which was often of small diameter. 
This bending strain was very serious, and 
could not safely be neglected." 
And Mr. Sederholm had wound up by 
saying : — 

*' From this it would be seen what an 
important role the diameter of the drum 
played in the strength of ropes, and he 
would like to call Mr. Behr's attention 
to the fact, that, in his different assump- 
tions of strength of rope the actual strain 
varied considera-bly, on account of this 
influence of the drum." 
He (Mr. Behr) would say here that 
ropes were generally rated by manufac- 
turers, and also by legislation, on ttie 
static load, without taking account of 
bending stress, and that factors of 
safety lower than 5 had been used in 
this way in the United States. The 
Transvaal law stated that ropes, when used 
for winding men, should never be loaded to 
more than Jth of their breaking strength. 
This was, he believed, the same as the 
Prussian State Law. In all of these cases 
the load was considered to be only that due 
to the weight attached plus that of the 
rope. It was left to the engineer to decide 
in how far he might increase the stress, not 
only by bending, but also by acceleration, 
and still ret-ain reasonable safety. 

At the mines of Przibram, in Bohemia, 
they used, or at least did use for a time, a 
simple load factor of 7 in proportioning 
their ropes. The curvature of the wires 
over the drum reduced this factor if the 
wires were assumed to be simply bent) 
round the drum without being spiralled to 
about 3.8; what the increase of stress due 
to acceleration became, depended not only 
upon this, but also upon the elasticity and 
length of rope. 

^ ^ T* 3|C 

Page 112.) Mr. G. H. Thurston said 
that he desired to make a few remarks on 
Mr. Behr's paper, from which the follow- 
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ing extract ie drawn : — Turning to the rope 
Mr. 8ederholm told them tihat the Band 
Mines were to use a l^in. rope to hoist 
from 5,500ft., taking 7 as a factor of safety. 
With this they would then have a load of 
6,0001b. weight and a skip of 4,0001b., and 
the weight of the rope would be approxi- 
mately 20,1051b., about double the weight 
of the load of ore and skip. 

Comparing this with a taper rope they 
had the following figures: — 



1st or bottom 
Section ..« 
2nd Section 
3rd Section 



Length. 
Ft. 



2,000 
1,750 
1,750 



Diameter. 
In. 



•994 
1114 
1-233 



Circum- 

ference. 

In. 



3 122 
3-499 
3-873 



The total weight would be, approx. 
11,2001b., which was only about one-half 
the weight of the rope of a uniform section. 

Again, taking another example which 
had been quoted, i.e., 8, 5001b. of ore to be 
hauled from 6,00Ofb. with a IJ in. ropi 
(5.49in. in circumference), using 7 as a 
factor of safety. 

l«t. For the IJin. rope they had a 
weight of 28,0001'b. approximately, 
or more than double the weight of 
the ore and skip (allowing 6,000 
lb. as the weight of the skip). 

2nd. In the case of the taper rope of 
the following construction: — 



Lengrth. 
Ft. 



Diameter. 
In. 



1st or bottom 

Section 
2nd Section 
3rd Section 
4th Section 



2,000 
1,500 
1,500 
1,000 



I 174 
1 273 
1 392 
1-532 



Circum- 
ference. 
In. 






3-688 
3-999 
4 373 
4-812 



The total weight was about 17,0001b., being 
a difference in favour of the taper rope of 
11,0001b., thus Showing, that what they 
saved by a reduction in weight in the 
drums, was partly lost in extra weight of 
ropes. 

The above calculations were based on a 
breaking strain of 123 tons of 2,000 lb. each 
per square inch. 



■ 
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{Page 131.). Mr. Hennen Jennings, in 
the course of his remarks, dealt as under 
with the subject of Wire Ropes: — 

The ropes for the men's winder should 
be the same size as those for rock, and the 
new ropes should always be used first on 
the men's engine. 

The next problem was to detennine to 
what depth it would be feasible to use a 
rope of uniform section. Rope-makers 
were now making ropes which they guaran- 
teed to have a breaking strength of 127 tons 
per sq. in. It was possible, by the em- 
ployment of nickel steel, to obtain a still 
greater strength, but this had not yet been 
practically demonstrated. To be on the 
safe side a breaking strength of 120 tons per 
sq. in. would be assumed, and with this 
basis the following tables (2 and 3) had been 
calculated by Mr. Smart (rope 6 strands 19 
wires and main core of hemp) : — 

Table 2. 

Length, In ft., of rope, tlie welglit of which (under 
static conditions and with no bend in rope) Ifill 
equal the greatest permissible stress with different 
factors of safety : — 



Factor of Safety. 


Length of Bope in ft. 


10 
9 
8 
7 
6 
5 
4 


6,700-24 
6,333-6 
7.125-3 
8,143-2 
9,600-4 
11,400-48 
14,260-6 



Table 3. 

Diameters of rope required for hoisting a net load 
of 8,0M lb. add a skip weighing 5,000 lb., with 
factors of safety 4, 5, 6 and 7, from depths of 8,000 
to 8,000 ft. 



Depths. 
Ft. 



3,000 
4,000 
5.000 
6,000 
7,000 
8,000 



Factor of Safety. 



I 



6 



Diameter of Ropes in inches. 



•8498 


•98347 


11 180 


•8903 


1-0478 


1-2164 


•9372 


11267 


1-3437 


•9923 


1-2266 


1 -5326 


1 -0586 


1 -3588 


1-8026 


11401 


1 5468 


2-3270 



1-2669 
1-4004 
1-6077 
1-9471 
2*6660 
7-6327 
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Table 4. 
Net loads of rock which can be hoisted from 
depths of 3,000 to 8,000 ft., with factors of safety 
varying between 4 and 7, with a rope 1*3485 in. 
diam.y the weight of skip or cage being taken at 
five-eights of the net load. 



CO 



Factor of Safetv. 



5 



I 6-1 



3,000 
4,000 
5,000 
6,000 
7,000 
8,000 



Net Load in PouiijIs. 



19,994 


14,929 


11,553 


9,140-6 


18,218 


13,154 


9,775-5 


7,363-4 


16,440 


11,375 


7,998-2 


5,586-2 


14,663 


9,597-8 


6,221 


3,809 


12,886 


7,821 


4,443-8 


2,031-7 


11,109 


6,043-4 


2,666-5 


254*48 



The conclusions arrived at in these tables 
were important. 

Table 2 showed the absurdity of requir- 
ing too high a factor of safety, for, with a 
factor of safety of 10, ropes or strands of 
uniform section of any diameter would be 
considered unsafe if suspended beyond 
5,7(X)ft. It also showed the limits to 
which winding was possible with factors be- 
tween 10 and 4, and with minimum loads-. 

Table 3 showed that, if a factor of safety 
of 6 were used, a rope of 1.3437in. di«m. 
could safely be used to raise a load of 4 ton 
from a depth of 5,000 ft., and a rope of 
1.5236in. diam. from a depth of 6,000ft. 

Table 4 showed that, with a load of men 
of 4,0001b. in a cage of 2,500lb. in weight, 
men could be hoisted from a depth of 5,500 
feet with a rope of 1.3485in. diam. and fac- 
tor of safety of 7. The cage, however, 
weaghed 4,600lb., and they would therefore 
take as their standard a rope of 1.5in. 
diam., this would give a factor of safety 
of over 7, for hoisting of men, and of over 
6 for rock ; reckoning the weight of the men 
to be 2 tons and that of the ore 4 tons, 
hoisted from a depth of 5,500ft. 

Mr. Behr gave instances in his paper of 
only two places where taper ropes had been 
extensively used : one at Przibram, Austria, 
jmd then only for a depth of 3,900ft. ; and 
the other at the Comstock, where he ad- 
mitted they were not warranted, as the 
depth was only 1,400ft. vertical, and 1,400ft. 
on an incline of 37deg. He (Mr. Jennings) 
had no knowledge of their adoption in any 
other districts, and the ropes in the Lake 
Superior district were all of uniform section. 
The following extract was taken from 
Kent's Mechanical Engineer's Pochet Book 
(5th edition, p. 916) :— 



The true form of rope is not a taper,, 
but follows a logarithmic curve, the girth 
rapidly increasing towards the upper 
end." 

The method of construction of the ropes 
at Przibram was complicated, and must be 
costly, and Mr. Behr was no doubt wise in 
his suggestion to use successive lengths of 
rope of uniform section for hoists with coni- 
cal drums. This being so, would not the 
place of junction of two ropes of uniform 
section be a " weak link in the chain," and 
would it not be logical to insist on a higher 
factor of safety in the taper rope system 
than in that of ropes of uniform section? 
At present, did the Mining Eegulations 
permit ropes of uniform section to be 
spliced, and, if not, how could Mr. Behr 
legally join a length of rope of small section 
on to another length of larger section? It 
would also be interesting to see how the 
sections recommended by Mr. Behr corre- 
sponded with those demanded by the theory 
mentioned above by Kent. 

'Ar far as the records of the exact places 
where ruptures of ropes had occurred, min- 
ing accidents for moderate depths would 
seem to show that the ropes should taper 
upwards rather than downwards. In sup- 
port of this seeming paradox, he desired to 
call attention to the following summary of a 
pamphlet by Hermann Undeutsch,* Profes- 
sor at the Royal Saxon Mining College, 
Freiberg. 

Professor Undeutsch prefaced his work by 
pointing out that the Royal Prussian Board 
of Mines, as well as the Chief Overseer oi 
Mines of the Dortmund District, and the 
Saxon Board of Mines at Freiberg, had for 
many years kept statistics concerning the 
breaking of hoisting ropes, and that these 
statistics went to show that niost of the 
ropes broke at the place where, statically, 
they were the strongest, that was near the 
load ; the weakest section being that between 
the shaft collar and the headgear sheave. 
In other words the ruptures were most fre- 
quent in a part of the rope seldom wound 
round the sheave, where the shackles and 
connections are more often renewed than the 
rope, and where there was a minimum 
amount of bending stress. 

By a most elaborate mathematical analy- 
sis of the static and dynamic strains on sus- 

* Spanntingen aufgehangs'ter prismatischer Kdr- 
per^ hervorgerufen dutch ^tatincht und dynamischf 
TieanAprurhungpn, 1892, p. 51, with plates. 
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pended prismatic bodies, in connection with 
experiments he had made of the measure- 
ments of dynamic effects, by means of an 
energy indicator he had invented and used 
for making tests while lowering, stopping 
and starting cages, he arrived theoretically 
at the same results as those which the sta- 
tistics chronicled. He concluded his treatise 
by stating that the elastic limit of the rope 
was exceeded, and the material made brittle, 
through vibrations set up in the axial direc- 
tion of the rope ; and he further pointed out 
that the changes occur with more intensity 
at the bottom, and in a lesser degree at the 
upper portions, and only as a secondary 
result. 

# # # # 

(Page 139,) The safety of life, in winding, 
depended primarily on the strength of the 
rope and on the maintenance of its condi- 
tion. 

The breaking of a rope was brought about, 
as shown by Professor Undeutsch, by the 
joint action of static and dynamic strains. 
The static strains could be taken as constant 
for any winding system with established fac- 
tors of safety. The dynamic strains might 
occur by irregular and jerky winding, sudden 
starting and stopping, and by the imperfect 
condition of the hoisting ways when the en- 
gine was running at its maximum speed. 
The smaller the drums and cylinders of a 
winding engine, and the more uniform the 
speed, other things being equal, the less lia- 
bility there was of excessive shocks from 
imperfect handling by engine attendants. 
Where an average speed of say 2,5(X)ft. per 
minute was required, the maximum speed 
had to be much higher in the system de- 
manding the greatest time for acceleration 
and retardation. 

mi nii * * 

(Page 151.) The most interesting and in- 
sistent recommendation of Mr. Behr was the 
necessity he claimed for the use of taper 
ropes. The theoretical advantages of taper 
ropes in hoisting were fascinating, especially 
in combination with conical drums ; but, be- 
fore they could be accepted, there were 
some very practical facts to be faced. In the 
first place, taper ropes had not been used in 
hoisting from depths which would crucially 
test their eflficiency. In the whole history 
of hoisting plants Mr. Behr could give but 
two instances of their use, one at the Com- 
«tock, the other at Przibram. He admitted 
that they were unnecessary in the first case 



named, and the depth at which the taper 
ropes were used at Przibram was only 
3,900ft. The smallest diameter of rope 
used, even at depths of 1,000ft., and with 
live load of 2^ to 3 tons, was IJin., and the 
reason for this was explained theoretically 
by Professor Undeutsch, and practically 
confirmed by all mining statistics. With 
huge drums and consequently big engines, 
the shocks and vibrations are intensified, 
so that to safely withstand the latter, a 
ix)pe should, to commence with, not be less 
than, say, IJin. in diameter for a load of 
four tons. Granting this, and referring to 
Table 3 (p. 19). it would be seen that such 
a rope, even if made of uniform section, 
would be strong enough statically to hoist a 
live load of four tons and a skip of 5,0001b. 
from a depth of 4,000ft. with a safety fac- 
tor of 6. Now at such a depth as this what 
were the advantages of taper ropes ? Eopes 
of uniform section had been used to 
5,000ft., whereas taper ropes had never 
been used beyond a depth of 4,000ft. 

(Page 162.) Mr. A. M. Bobeson dealt in 
his discussion with many matters con- 
nected with deep winding, and incidentally 
referred to Wire Bopes as under : — 

It is now poEKsible to go at once to the 
limit, viz., 6,000ft., and it might as well be 
acknowledged at once, that if a safety fac- 
tor of 7, calculated on the static load, were 
insisted on, it was useless to consider the 
question of operating at that depth in one 
lift, but if " 7 " were adhered to for men, 
and ** 6 " for ore and materials, then it 
was possible. 

This statement was meant to include 
taper ropes, because it was manifestly un- 
fair to ask for a safety factor of 7 for so 
perfect a structure as a rope of uniform 
section, and use the same safety factor for 
a rope made according to the method de- 
scribed by the author in the footnote on 
page 1; as with the acid water of the Wit- 
watersrand mines, the electric couple 
formed at each brazed point would soon 
lower the factor below .7, and if wires were 
" dropped '* at intervals, as some makers 
proposed, the rope would be no better than 
a spliced rope. 

(Page 167.) In passing on to winding 
ropes, the liability to break was not always 
at the uhackle or capping, but breaks had 
occurred in the past at a point on the rope 
which generally reposed for a time between 
the enginehouse side or end of the drum. 
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lb appeared to be the heat from the engine 
and the cold air from outside that had a 
bad effect on the rope and caused internal 
corrosion. 

{Page 172,) Mr. A. C. Whittomb, in the 
course of his discussion, remarked: — 

** Hopes of uniform section had been 
ueed to 5,000ft., whereas taper ropes had 
never been used beyond a depth of 
4,000ft.*' A statement like this showed 
a considerable amount of prejudice, and 
neutralized a great deal of the value of the 
remarks that he made on the subject of 
ropes, and, taken in conjunction with the 
following extract from the same para- 
graph : — *' In the whole history of hoisting 
plants Mr. Behr could give but two in- 
stances of their use (tapered ropes), one at 
the Comstock, the other at Przibram,'' 
indicates a desire to quibble over details 
which were known to most engineers. 
He thought that there were not many 
shafts of a depth of over 4,000 feet 
in the whole world, postiibly there 
were not more than ten, and when 
they came to shaft.^ of 5,000 feet and 
over in depth, the number would cer- 
tainly be reduced to one, if Mr. Jennings 
was correct in saying that the deepest shaft 
in the world was only dowTi to 4,900 feet. 
It was on record that for the past 30 years 
tapered ropes had been used with very 
great success on shafts which 30 years ago 
were 3,900 feet deep, and were now slightly 
over 4,000 feet deep. Could Mr. Jennings 
instance one case where ropes of uniform 
section had, for such a period and under 
such duty, done better service than tapered 
ropes ? Regarding . the isolated instance 
given of a Whiting hoist hauling from a 
depth of 4,900 feet, Mr. Robeson said: — 
" Broadly speaking, the system had been a 
failure there, because it was not well car- 
ried out in its greatest e.vample, viz., at the 
• Red Jacket ' shaft." 

Surely when this one solitary tnal had 
ended in a failure they could be permitted 
to reply to Mr. Jennings that tapered ropes 
have not been used for depths of 5,000ft. ; 
neither have ropes of uniform section, with 
success. 

(page 183). Mr. David Gilmour mainly 
dealt with other branches of the subject of 
winding, but made the following observa- 
tions on the Factor of Safety: — 

He held the same opinion as Mr. Robe- 
aon, that the factor of safety for ropes, at 
any rate for winding ore, would be quite 



high enough if fixed at six times the static 
load, and it was with the object of insisting 
upon the effect that any considerable addi- 
tion to this figure would have, in prohibit' 
ing the use of ropes of uniform section for 
great depths, that he made the follo>wing 
comparison for the Cases IX previously 
referred to. 

In Case IX a factor of safety of 7 for 
static conditions was assumed. The in- 
creased stress due to starting was found 
from 
mr 153,420 x5 

— -=- =-0255 or 2-55% inerse, 

gl 32 X 940.000 

or, in other words, the factor of 7 was re- 
duced to 6.8. 

Any system employing ropes of unifonn 
section, which had to work under condi- 
tions imposing such a high factor of safety 
for dynamic loading, even if made of wire 
with an ultimate tensile strength of 
245,(XX)lb. per square inch, would evidently 
reach the limit of depth very soon, and 
thus, in a measure, stifle progress in open- 
ing up the deeper levels. Therefore he re- 
peated that the universally accepted sys- 
tem of fixing the factor of safety from the 
static load only should be adhered to for 
these greater depths. Owing to the total 
moment of inertia of the drums in the 
Whiting system being so small, the in- 
creased pull on the rope at starting wa» 
greater than in systems in which the drums 
were more massive, and in Whiting C. IX 
this increase was approximately 10J%. 
Witli steel wire having: an ultimate 
strength of 245,0001b. per sq. in., and tak- 
ing as the factor for safety for dynamic 
loading the same figure as that which re- 
sulted from Mr. Behr's Case IX above,, 
viz., 6.8, and assuming the acceleration to 
be the same for the lesser depth which 
must result, as for 6,000ft., the maximum 
stress for dynamic loading would be 

245,000 

= 36,0001b. per sq. in. 

6.8 

and for static loading it would be 

36,000 36,000 

xlOO= X 100 = 32,500 lb. 

100-1-10.5 110.5 per sq. in. 

and the static factor of safety would be 

245,000 

= 7-55 

32,500 
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In other words, the static factor of safety 
must be 755 in order that the dynamic fac- 
tor of safety may not fall below 6*8 at start- 
ing. Therefore the maximum depth x to 
which the specified rope (which weighs 8-6 
lb. per foot) can be used to fulfil the as- 
sumed conditions would be given by the 
formula — 

Load in lb. + weight of skip in lb. + weight 

of rope in lb. 



Sectional area of steel in rope 

X static factor of safety 

= ultimate strength of the rope. 

Substituting figures for the case under 
discussion, 

8,000 + 4,000 + 3- 6 x 

X 7;')r) = 245,000. 

•859 

From this x- 4,400 ft. approximately. 

* * * * 

{^age 185), The whole question of 
winding plants for great depths was full 
of intricacies, but Mr. Behr's beautiful and 
simple analysis of the mathematics of the 
subject robbed it of half its terrors. The 
safety and realiability of the machines, and 
the devices connected therewith for ac- 
cident prevention, did not depend on such 
formulated solutions, and the perscHial fac- 
tors which then entered into consideration 
necessitated more than ordinary judgment, 
care, and common sense being brought to 
bear on the points. As a depth of about 
4,500 ft. from the surface to the intersec- 
tion with the reef was the greatest that was 
likely to be dealt with on the Band for 
some years to come, it was to be hoped 
that, as that depth could be attained in one 
lift, engineers would not allow the question 
of hoisting from extreme depths to drop at 
the end of this discussion, but would con- 
tinue in their efforts to find the best solu- 
tion of the problems brought to a head by 
Mr. Behr, to whom the thanks of all of 
them were due. 

(Pa^e 192). Mr. H. Hay (extract): 
With regard to the liability of the brazed 
joints of the wires of taper ropes becoming 
the seats of galvanic action, he was in- 
formed that, in the ordinary system of rope 
making, the wires were drawn in lengths 
of from 2,000 to 3,000 ft., which were 
brazed together and woven into ropes of 
from 5,000 to 6,000 ft. ; consequently this 



electric action might take place in any 
ordinary rope of uniform section. 

{Page 199). Mr. J. A. Frerichs (ex- 
tract) : A rope of uniform section for a 
«5,500 ft. lift, which is the largest sized 
engine of Mr. Sederholm's standard Whit- 
ing hoist, would be 1-65 in. in diameter, 
and weigh no less than 22,660 lb. ; whereas 
a rope, tapering in sections of 1,000 ft., the 
first length being 1,500 ft., for the same 
depth, would have diameters as follows: — 
114, 1-22, 1*29, and 137 in., and weigh 
only 12,870 lb. These diameters were cal- 
culated as in Mr. Behr's paper for a safe 
load stress of 35,000 lb. per square in., 
the load being 4 short tons, or 8,000 lb. and 
the weight of the skip being 5,400 lb. 

(Page 199). Mr. A. R. Sawyer (ex- 
tract): During his many years' experi- 
ence as one of H.M. Inspectors of Mines he 
had found that ropes broke mostly at the 
cap end. The reason was obvious; the 
portion of the rope enclosed by the cap 
was rigid, any slackening of the rope at 
top or bottom caused the rope to bend at 
the cap end and weakened it at that point. 

* 4s * * 

Mr. Kenneth Austin, after dealing with 
ihe various winding systems, winding en- 
gines, etc.f proceeded to the discussion of 
numerous questions relating to wire ropes, 
as under: — 

(Page 247). It was generally assumed 
that for the high class wire needed for hoist- 
ing ropes, only crucible cast steel could be 
used. The casting from the crucible gave 
a ** billet " weighing 90 lb. after it had 
been thoroughly forged and finished. This 
weight would seem to limit the length of 
the wires, if it were specified that the whole 
6,000 ft. or more should be drawn in one 
piece; but there was no reason why the 
makers of steel billets should not adopt the 
weights given in Table 14, when they knew 

Table 14. 
Weight of Steel Wires most generally used for 

Hoisting Ropes. 



Imperial 




Sectional 


Weight 


Weight 


Wire 


Diameter. 


Area. 


per 


per 


Gauge. 






mile. 


6,600 ft. 




Ins. Mm. 


ItfcBes. 


Pounds. 


Pounds. 


9 


•144 3-55 


•0163 


282 


347 


10 


•128 3-22 


•0129 


223 


274 


11 


•116 2-93 


•0106 


183 


225 


12 


•104 2-66 


•0085 


148 


182 


13 


•092 2 33 


•0066 


114 


140 


14 


•080 2 06 


■0060 


88 


106 


15 


•072 1 -86 


•0041 


70 


86 
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there was a coiistaiit demand for long 
wires. 

He wished to point out that it was very 
illogical to braze or connect two ends of 
wires in a rope, each of which had a ten- 
acity of 120 tons per sq, in. section, by 
means of brass solder, which had a tenacity 
of only 13 to 15 tons per sq. in. section, 
vmder the best conditions. 

Electric welding had been tried, but it 
was a complete failure when used on high 
carbon steel wires. It might be urged that 
all. steel ropes had brazed wires in them, 
which was now actually the case, and that 
therefore as these had not generally failed, 
the practice should be continued, or even 
might be developed, as was proposed by 
advocates of taper ropes. It must be 
pointed out that by multiplying the brazed 
joints, there would assuredly be an increase 
iu the number of the brazed joints on the 
outside of the wire rope strands, which 
would doubtless lead to trouble in use. 

He submitted that the safety of deep 
level operations demanded that there should 
be continuity of connection between power 
and load, and that the section of any wire 
in a rope should be continuous, and not in- 
terrupted by a weak brass joint, having 
the low tensile strength of, say, 16 tons 
per sq. in. of section. Mr. Behr had to ex- 
plain how he proposed to join the various 
different sections of his taper rope so as to 
present a regular even structure, with ab- 
sence of bulges, lumps or irregularities. 
Some makers had used centre core wires 
of triangular shape, but these were danger- 
ous, as they cut into or broke up the cover- 
ing wires in the strand. For all future 
operations, the best construction of wire 
rope would seem to be that made up of six 
strands and fibre centre, each strand com- 
posed of 19 steel wires of regular diameter. 
He had noted the amount of wear, and 
taken account of the reduced section of 
wires in a number of ropes which had come 
under his notice, and had found in ropes 1 
in. to 11 in. diameter, formed of six strands 
with seven wires in each strand, that only 
two of the outside wires in each strand were 
usually affected by abrasion, i.e., were 
actually worn away at any section out 
squarely across thp rope, and in the aver- 



age of cases only 20 to 50 per cent, of the 
original areas of these two wires in each 
strand were thus reduced, before the ropes 
were abandoned. This statement referred 
to ropes which had not been subjected to 
the corrosive effects of acid water, and 
where no other internal defects were ob- 
served. 

The demand for higher tensile strength 
for steel wire could be met, at present, only 
with an accompanying loss of ductility; 
from enquiry he had found that wire mak- 
ers would not guarantee an increase of ten- 
sile strength above 120 tons per sq. in., 
without a corresponding loss in ductility of 
about one twist less for each ton added to 
the tensile strength of the rope. One of the 
tests for ductihty was to demand a certain 
number of continuous twists, before break- 
ing, in a wire which had a length of 100 
times its own diameter. The following 
were some of the standards : — 



Breaking Strain 

per sq. iu. 

Tons. 

90 
110 
120 



Twists 
before breaking. 

38 
36 
32 



The tests for ductility were usually 
carried out by a machine 8 in. between the 
grips holding the piece of wire ; this length 
of 8 in. was arrived at by multiplying 14 
W-G.= 080 in. by 100 = 8 in.; all torsional 
tests being proportional and related to this 
standard. There was generally too little 
consideration given to the torsional test, 
and too much to tensile strength; ductility, 
was of the greatest importance, for the wire 
ropes when in use were turning round the 
whole time they were at work, in conse- 
quence of their spiral formation, and it was 
reasonable to assume were subjected to 
severe torsional strain when they were sub- 
mitted to shocks. 

There was a process in wire manufactur- 
ing called •' patenting,*' which consisted in 
passing the wire through a heating furnace 
A through a hardening bath of oil B, and 
finallv through a tempering bath of lead 
C. the wire passing from the end X t<>^he 
end Y at one regular speed {see Fig. 125). 
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This process annealed, hardened, and tem- 
pered the wire so regularly that its struc- 
ture was homegeneous throughout, and a 
high tensile strength was attained. He sug- 
gested that the structure of the wire should 
be made to conform more to the conditions 
of w^orking, by arranging some such plant 
as the above, but with the addition of 
simple speed variation gear at the end, 
whereby the wire could be passed through 
the apparatus at varying speed, to produce 
varying temper, and that the part of the 
rope near the hoisting drum could be made 
with the hard A^dre as taken from the draw 
bench, and the part of the rope near the 
cage could be tempered to a greater degree. 
The wire structure would then be graduated 
to meet the demands for ductility at the 
lower end, in cases where no balance or 
tail-ropes were used. There was at least 
one case on these fields in which very high- 
class wire hoisting ropes, having high 
breaking strain, caused much trouble and 
expense for some time; the difficulty was 
finally remedied by removing the rope with 
a high breaking-strain and substituting one 
which had a much lower breaking-strain 
but greater ductility. 

There were also the important questions 
of high rope speed to be considered, and 
the effects of very rapid acceleration on 
ropes when in use. It had been well estab- 
lished under other conditions that steel, if 
allowed to have some period in which it 
might recover from its " fatigue," after 
having been subject to great stress, was 
able to withstand and support great loads; 
but that if the period allowed for change 
of condition, in which, to recover from 
" fatigue," was insufficient, there was 
fcilure. Now it might be considered 
whether the high speeds, proposed to be 
adopted in deep level hoisting, would not 
be detrimental to the life of wire ropes, as 
well as: to the shaft timbering, and whether 
rapid acceleration of speed would seriously 
affect them. Taking the case of ordinary 
hoisting cranes, it was oft^n seen that }-in. 
or J -in. ropes were not damaged, even 
when worked on drums of very small dia- 
meter, but at low speeds. Now let them 
examine the conditions on a mine headgear 
where the load was hanging for some time. 
The hard wire " set in " to the arc of the 
sheave, and then suddenly, and without 
time to recover from its "fatigue," there 
was a demand made upon it to " straighten- 



out " itself for the upward journey. It 
might be that in addition there was at the 
same time a lot of jerking going on. It 
might be said * * There is plenty of reserve 
in the factor of safety." Let them agree 
that it might be so, but the shocks were 
so irregular, uncompensated and un- 
govemed, that it could not be a subject for 
surprise when the structure of the rope 
failed, altered, or become unreliable. Very 
high rope speeds, and very rapid accelera- 
tion, did not in any way tend to improve 
the conditions, unless other compensations 
were made. 

In connection ^dth the subject of sudden 
shocks conveyed to ropes, it was notable 
that while the factor of safety for chains 
(which were used in many cases where life 
and property were dependent on them) was 
considered by Lloyd's and the Admiralty 
tc be sufficient if taken at 4, yet for wire 
ropes, which were of much more perfect 
and reliable structure, a factor of safety 
varying from 5 to 10 was demanded. It 
must, however, be admitted that ropes were 
abraded in use more than chains, but they 
were also examined naore frequently. If 
the conditions on a railway were examined, 
it would be found that the drawbar pull of 
a locomotive with a mean weight of train 
of 770 tons was about 11 tons, an amount 
which was sufficiently near to the rope load 
in the hoisting problems now under discus- 
sion, that the cases might be compared. 
In the case of the railway every care was 
taken, at great cost, to relieve the drawbar 
of sudden strain by the provision of inter- 
vening springs. Gould not this be attempted 
in hoisting? It would doubtless be said, 
'* Springs have been already tried, and 
proved to be failures, through the difficulty 
caused by the time wasted in coming to 
rest at the end of the trip," This could be 
admitted as a real objection, but one which 
could be overcome by the adoption of better 
designed springs and connections than those 
hitherto used, or the sudden shocks and 
strains might be prevented by the adoption 
of a device on the engine similar to the 
Walker rings, whereby any jerk on the rope 
could be prevented, and thus give much 
greater confidence in the factor of safety 
adopted, and would allow the mine manager 
to calculate with some degree of certainty 
the reduced efficiency of the rope accord- 
ing to the actual wear or abrasion, which 
could be seen on simple inspection. 
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The factor of safety for a crank shaft 
was anything between 20 and 40 in a re- 
versing engine, for the simple reason that 
there were shocks of such a formidable 
nature to be dealt with. This was only 
mentioned to show that the factor of safety 
was necessarily 'higher when the shocks 
could not be prevented. One of the chief 
troubles connected with the hfe of deep 
level hoisting ropes in the future, would be 
caused by the demand for high rope speeds 
for hoisting, unless some advance was made 
to prevent shocks being conveyed to the 
rope during hoisting. So long as high speeds 
were demanded, and so long as no appara- 
tus, other than the structure of the rope 
itself, was provided to absorb or take up 
shocks, it could not be expected that the 
factor of safety for ropes would be reduced. 

Steel wire was adopted for ropes, in lieu 
of iron wire, in order to strengthen and 
lighten them, and also to lessen the wear 
of the softer material, but he would sug- 
gest that the other extreme of unnecessary 
hardness of " hard-drawn " steel wire, had 
been, and might be, the cause of miuch 
trouble. It might be that the breakage at 
the lower ends of the ropes, and the con- 
sequent extra attention and expense for 
cutting off lengths, re-capping, etc., was 
caused by the fact that the rope was too 
hard drawn, and became crystalline in use, 
and that the remedy lay in further temper- 
ing. It might be objected that tempering 
would reduce the tensile strength of this 
lower portion, but it was possible that 
makers of ropes could meet the situation, 
as they had hitherto done so well, by not 
reducing the tensile strength more than 
necessary and by providing the most suit- 
able graduated structure to meet the vary- 
ing strains which existed in ropes when 
they were used without balance or tail- 
ropes. 

In a paper read before the American In- 
Ktitution of Mining Engineers* Mr. Frank 
H. Probert pointed out that in certain tests 
made by him he found the tensile strength 
of wire ropes was reduced shortly after 
they were put to work, but that the 
strength in the course of a short time in- 
creased. He took note of the averages, and 
he found the strength slowly fell away from 
the first to the sixth month, and then in- 
creased gradually from the sixth to the 
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twentieth month, after which the strength 
gradually decreased. He assumed that this 
was caused by a molecular rearrangement 
in the structure of the steel. He (Mr. Aus- 
tin) suggested that, if such were the case, 
graduated and partial annealing might 
allow that the portion of rope required to 
bear shocks would be in a better condition 
to do so than if it were left '* hard-drawn ** 
as received direct from the wire-drawers' 
bench. Professor Undeutsch and other en- 
gineers of extensive experience had dealt 
with this matter, and they considered the 
lower portion of ropes to be the part most 
dangerous and liable to fracture. Many 
suggestions had been made to preserve tho 
internal structure of the strands. Some 
European rope-makers advised galvanising 
the wires, but this method was one full of 
danger, and should not be countenanced. 
Even if the metal should adhere at first, 
the whole of the metal coating 
was split up into laminae after a 
short period of work, and the last 
state of the rope was worse than if it had 
never boon galvanized. He had found that 
the most satisfactory of all protective dress- 
ings was composed of three-parts of raw 
linseed oil and one part Stockholm tar; 
this was heated and frequently applied to 
the rope while hot, and allowed to soak into 
the interstices between the wires, after 
they had been thoroughly brushed and 
cleansed from all adhering filth. No lumps 
of any kind of foreign matter should be 
allowed to secure a lodgment on the rope, 
and every strand should be clean for per- 
fect and complete examination. The re- 
marks of Mr. Freriohs about the advantages 
alleged to be obtained by using taper ropes, 
and the reduction of the oscillations there- 
by, were very interesting; but he desired 
to point out that there would, theoretically, 
be more " nodes " in the length of the taper 
rope than in the thicker rope of uniform 
section. The shocks which really did the 
damage to ropes were set up through the 
solid, inflexible connection with the huge, 
massive drums, conical or cylindrical, and 
by the jerks experienced at various parts of 
the trip, which irregularity would be con- 
siderably reduced by working with tail- 
ropes, and by having flexible connections 
between the hoisting rope and the engine. 

* * * * 

He had inquired into the question of the 
effect of bending ropes round unsuitable 
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drums of small diameter » in cousequence 
of the provision by Mr. Behr, in his Case 
IX, of a conical drum wdth the small end 
only 10 ft. diam., upon which a rope at 
least li in. diam. had to be wound. The 
life of a rope was entirely dependent upon 
the amount of abrasion of the surface, the 
conditions to which it was subjected in use, 
to which the writer had already referred — 
the corrosive effects of acid w^ater, and the 
means adopted to prevent the latter de- 
stroying the whole of the internal structure 
of the rope. Assuming that the greatest 
care was taken to prevent chemical de- 
terioration, great damage was caused to 
ropes travelling at high speeds by bending 
them around, or winding them on drums 
or sheaves whicih had too small a diameter. 
This could not happen to a Whiting hoist 
fitted with sheaves of proper size, as there 
was not sufficient time for the ropes to be- 
come ** set " or damaged. 

If tlie conditions of the consulting engin- 
eer's office or the quiet drawing office could 
be obtained, and absolute certainty existed 
that the ropes used in hoisting would never 
be overstrained, many troubles in the 
engine room would be overcome; but while I 
it was possible that an ordinary cylindrical 
or conical drum might at the start of the 
trip be jerked round, and thus wind up an 
overstrained rope, which would be kept at 
an unnecessary tension while on the drum 
for the whole of the trip, it would appear 
that the provision of frictional rope driving 
Rear, and prevention of overstrain by slip 
rings, as in the Whiting hoist, were the 
best methods to obtain an automatic check. 
It was quite possible that the gear might 
be improved, but it appeared to him that 
sufficient credit had not been given to these 
excellent points of advantage in the Whit- 
ing system. 

The strains set up in a wire, when sub- 
jected to longitudinal stress, were such as 
to cause the particles of which the material 
was composed to be lengthened; in other 
words, assume the particles to be normally 
circular in form, as in Fig. 126, when 
ihe hard drawn wire was not subject to any 
load ; when the wire was subjected to stress, 
the particles would be changed from the 
circular form and would be elongated, as 
shown diagrammatically in Fig. 127. 
If the hard drawn wire were then 
subjected to bending, to such an extent 
that the condition known as '* fatigue " 
existed, or should " permanent set " of 



the hard drawn wire take place, and should 
the operation be repeated frequently, at 
short intervals of time, then the lengthened 
particles (Fig. 127) of which the wire wttB 
composed would be unable to withstand the 
severe treatment, and the wires would 
break off ** short,** perhaps long before they 
had become abraded or worn down on the 
outside* through legitimate wear. This con- 
dition was certainly not improved -by the 
existence of a large number of brazed joints 
on the outside of the rope strands, as would 
be the case in long taper ropes made with 
brazed connections. 

The curvature of the drum or sheave 
should be so designed that the resulting 
bending stress, added to the tension strees. 

Fig. 126. 
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Fig. 127. 
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did not exceed the limit of elasticity of the 
material used. This bending stress was 
expressed in the formula. 

Bo 

d 

m which 

K = the required bending stress in pounds. 
^ = the modulus of elasticity 28,500,000. 
a =the total sectional area in square inches 
of wires in the cross section of the 
rope. 
d =the diam. of the individual wire used in 

the construction. 
C = 8k constant used for the different num- 
bers of wires forming the strand. 
The values of d and C for the dif- 
ferent constructions of seven wires 
per strand and nineteen wires per 
strand respectively, were as follows: 
7-wire strands (see Table 1(>). 
(i = l/9th of diam. of rope. 
(7 = 27-54 
19-wire strands (see Table 15), 
d = l 115th of diam. of rope. 
a=46'9 
For ropes made of wires varying in size, 
the diameter of the largest outside wire 
should be taken. The above formula had 
been supplied by the great authority on 
wire rope, Mr. Wm. Hewitt, Vice-President 
of the Trenton Iron Co., New Jersey,. 
U.S.A. 
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To enable mining engineers to readily 
find the amount of stress to which ropes 
were subjected on drums in general use 
from 8 ft. to 16 ft. diam., he had calculated 
the following Table 17 (p. 32), and plotted 
out the curves on a diagram (Fig. 128, p. 
31). From the Table and the Diagram, 
the relationship between diameter of drum 



and diameter of ropes and the bending 
stress could be quickly seen. Now from 
Table 17 it would be seen that with an 
ordinary rope, IJ in. diam., made up with 
6 strands, each strand composed of 19 
wires, and used on a drum 10 ft. diam., 
as proposed by Mr. Behr, there were the 
following stresses: — 
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Fig. 128. 

Diagram of Hope Stresses, in Eopes from 
} in. to 2J in. diameters, when used 
on Drums or Sheaves from 8 ft. to 16 ft. 
diameters. 
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The figures for Mr. Behr s Case IX would 
then be as follows: — 



Mr. J). Gilmour had called very timelv 
attention to one most important factor in 



T. Bending stress (Table 17 10,906 1b. 

II. Load (as per Mr. Behr) Case IX 10,000 

III. Rope weight ( do. ) do 18,676 

IV. Skip weight ( do. ) do 6^600 



y » 



fi 



Total stress 55,1821b. 

The total stress 55,182 lb. x Factor of Safety of 4 --=220,728 lb. 

55,182,, X „ 5-275,910 „ 






55,182 ,, X 

55,182 „ X 

55,182 „ X 

55,182 „ X 

55,182 „ X 



Now it would be observed that the ap- 
proximate breaking strain in Table 17 was 
"240,671 lb., hence it would be seen that the 
remedy was to be found in increasing the 
•diameter of the coned drum, or that of the 
rope, if a factor of safety of 6 or 7 were de- 
manded. In this calculation the highest 
<]uality of st^eel rope has been taken, viz., 
120 tons breaking strain per sq. in,, but it 
was always better practice to adopt a lower 
figure and to increasi^ the ductility of the 
rope. 

The size of drum at the small end of the 
cone in one of the most notable examples, 
viz., in the conical drum engine installed 
by B. Tomson for the Harpener Mining 
Company, Limited, at Preussen, Dort- 
mund (the engine exhibited at the Diissel- 
<lorf Exhibition, and shown by Mr. Jen- 
nings), was 108 times the diameter of the 
rope. If Mr. Behr adopted this practice, 
the diameter of his drum at the small end, 
in his Case IX, should be about 13 ft. 6 in., 
instead of 10 ft. ; assuming he uBed a rope 
l^ in. diameter. The size of the wires in 
the ropes used on the coned drum for the 
above-named engine at Preussen, Dort- 
mund, was 26 mm., or No. 12 W. G. dia- 
meter. 

Mr. Behr had assumed the small end of 
coned drums at too low a figure, and it 
would be more advisable to increase the dia- 
meter of drums in Case IX than to run the 
great risk of damage to the ropes. It was. 
far better to admit to the full, all the dis- 
advantages of the conical drum system, and 
to follow the sensible practice of which the 
Harpener Mining Company's installation 
was a good example. 



6 = 331,092 ,, 

7 = 386,274 ,, 

8 = 441,456 ,, 

9 = 496,638 „ 
10 = 551,820 ,, 

all deep level hoisting operations — the 
human factor. On all sides, any one who 
has had experience of the Witwatersrand, 
could see the way in which the leaders And 
directors of the gold industry had en- 
deavoured to train up, and get the best pos- 
sible men from all parts of the world to 
assist in the development of the country, 
and it was to be hoped that sterling reliable 
men would be available as deep level en- 
gine drivers, when there was a call for them. 
No reflection was cast upon the present day 
drivers; but it must be admitted by all 
that the problem of outcrop mine hoisting 
was very different to that of hoisting from 
6,000 ft., and everyone who had the oppor- 
tunity, should train men to fill these highly 
responsible positions. It was surely not an 
extreme statement to make, that all the. 
calculations and energies of our great 
mathematicians and engineers were nullified 
unless the engine driver was absolutely re- 
liable, or unless it was made impossible for 
him to exceed the conditions laid down for 
safe working in the deep level shafts. 



One great argument put forward by coni- 
cal drum advocates, was that the inertia of 
the heavy drums with taper ropes was com- 
pensated by the lower inertia of the lighter 
taper rope ; but this, roughly stated in such 
a manner, was not supported by fact or rea- 
scm, for, if the enormous mass in the rotat- 
ing drums was compared with the relative 
small mass of, or the small difference in 
weight between, the taper ropes and ropes 
of unifoiin section, the difference was com- 
paratively so small that this rough form of 
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stating the argument was of very little 
value. 

The life of a rope of uniform section, first 
for hoisting vertically and next for hoist- 
ing on the incline in the mine, and finally 
as tail-rope, would be quite double that of 
the taper rope. This fact should induce 
those who were such ardent advocates of 
taper ropes to pause and examine whether, 
with the smaller steam cylinders needed for 
starting and for balanced ropes of uniform 
section, the numerous economical advant- 
ages, as shown by Messrs. Hennen Jennings 
i*nd A. M . Robeson, and obtainable by use 
of the Whiting system, did not surpass all 
the alleged advantages of other systems. 

It was quite impossible to definitely dis- 
cuss the increase of inertia in exact terms, 
unless actual weights and sizes were deter- 
mined by tihe advocates of conical or other 
types of drum. 



(Page 264.] Mn. E. J. Laschingeu said 
that the discussion on Mr. Behr's most valu- 
able and opportune paper had brought for- 
ward the question of the best kind of hoist- 
ing ropes that should be used. 

This was a feature of the deep level wind- 
ing problem on which they had very little 
experimental dat«, and much less statistical 
information about ropes as used in practice. 

As far as he was aware no general stand 
ard by which to measure and compare the 
duty of hoisting ropes had been adopted. 
Could an engineer state beforehand the pro- 
bable life of a wire rope, or the probable 
number of tons of ore it would hoist from a 
j<iven depth before it was worn out? As 
this question was certainly a matter of im- 
portance it would repay careful investiga 
tion. 

The duty of ropes was variously given in 
mile tons, ft. tons, or kilogrammetres ; but 
these measures of useful work done by a rope 
were obviously comparable only when hoist- 
ing was done from the same depths, and 
with the same loads. ■ 

There were certain factors involved which 
(leteiinined the life and duty of a rope, some 
of which could be taken account of in a 
formula, and other factors which were not 
capable, of mathematical treatment. The 
whole subject being so involved, it was not 
surprising that it had received little atten- 



tion. There was no doubt, however, that if 
some standard were adopted for comparing 
the life and duty of wire ropes, it would 
prove highly useful, even if it were not 
strictly accurate and final. 

The final basis of comparison which ap- 
pealed to the mine owner or shareholder, 
was the useful work done per cost of ropei 
or stated as a formula : 

Useful duty of rope= ^^''^-^^^i^^epth. 

Cost of rope. 
To the engineer this equation resolved it- 
self into a different form : 

Tons of 

Useful duty of rope= -l.^^^^^^^f^P*^^' 

W eight of rope. 

but the a<3tual work done by the rope was 
greater than the useful work. The dead 
weight of the skip must be added. 

To thie engineer the best rope was the 
rope which would hoist the total load the 
greatest number of times. The weight of the 
rope was dependent upon (1) the depth of 
the shaft, (2) the factor of safety chosen, 
and (3) the design of the rope, whether of 
uniform section or taper, The total duty 
of the rope was increased as more work was 
got out of the weight of the material in the 
rope. 

After a careful consideration of all the 
conditions, he had airived at the conclusion 
that a fair standard for comparing ropes in 
conjunction with the winding arrangements 
of which they formed a part was given by 
the following formula: — 

Total weight 

Duty of rope-^^^^^^*®^ ^^ ^^^^ x^epth in ft. 

Weight of rope in lbs. 

This gave ft. tons of work done per lb. 
weight of rope. The formula would slightly 
favour moderate depths as against great 
depths. The duty of the rope would vary 
with different factors of safety — the factor 
of safety with the rope in motion being 
meant. For want *of a better name, he 
would call this the dynamic factor of safety, 
to distinguish it from the static factor of 
safety calculated on the basis of load 
stresses. The dynamic factor of safety in- 
cluded stresses, due to bending, accelera- 
tion and other induced stresses, as 
well as the static load stresses. Tht» 
elements dependent upon different de- 
signs of engines and sheaves were 
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thus practically eliminated. The fac- 
tors not eliminated were those due to the 
manipulation of fhe engine driver in hand- 
ling his engine, the action of acid or mineral 
waters on the rope, the care bestowed on 
the rope, accidents, and such other factors 
which were outside the province of mathe- 
matics. This formula applied to the hoisting 
of different loads from different depths, be- 
cause as the load and depth increased, the 
work done by the rope increased in the same 
proportion. This foimula for determining 
the duty of ropes would, of course, have to 
be applied separately to vertical and in- 
cHned shafts, because the wear on bhe rope 
was much greater in inclined shafts. 

If this formula were applied to taper 
ropes and ropes of uniform section alike, 
it should show which kind of rope was pre- 
ferable. 

It was interesting in this connection to 
see if the contention of Mr. Hennen Jen- 
nings and Mr. Robeson in preferring ropes 
o^ uniform section to taper ropes were up- 
held in practice. Fortunately he was able 
to give some figures on ropes as used in 
actual practice. 

Bach, in his Maschinen Elemenfe, 8th 
edition, vol. i, p. 547, gave the particulars 
of taper ropes as UaSed in the Kaiser Franz 
Josef Shaft at Przibram. These ropes, ac- 
cording to C. Habermann- (whose report ap- 
peared in the Genii rreichische Zeitschrift 
fiir Berg-und Huiicnivenen, 1895, p. 193), 

have given evei*y satisfaction." 

For comparison with tftiese taper ropes 
they had, through the kindness of Mr. P. 
A. Bobbins, of the De Beers Consolidated 
Mines, Ltd., Kimberley, statistics of the 
ropes of uniform section as used with the 
Whiting hoist. 

In the table of comparisons submitted 
herewith (Table 18), he had assumed the 
material of all the ropes to be of the same 
ultimate strength, as they were all made of 
best crucible or plough steel. In calculating 
the bending stresses .Bach's formula had 
been used throughout. 

From a study of tlhe table it would be 
seen that the taper ropes and ropes of uni- 



1 



form section gave practically the same duty 
for the same dynamic factor of safety. The 
result would be greatly in favour of the 
taper ropes if the tail-rope were taken into 
account in the calculations on the Kimber- 
ley ropes; a tail-rope, even if it were an old 
rope, must cost something; the expense of 
putting it on was in itself a considerable 
item. 

What struck him forcibly was that the 
length of time the rope was in use seemed 
to have Httle or no effect on the duty of the 
rope. The hoisting at Kimberley was done 
at greater speed with the result that the 
ropes wore out in a shorter time (about six 
months average), whil.;^ the Przibram ropes 
lasted 36 months on an average, the duty 
m both cases remaining about the same It 
would be well, therefore, in cases where 
acid waters might act on a rope, to do the 
hoisting at as great a speed as possible, so 
that the rope would be worn out before the 
acids could appreciably weaken it bv cor- 
rosion. 

Another point brought out by this table 
was that the duty of a rope decreased 
rapidly with a slight decrease in the dyna- 
mic factor of safety; with a decrease in the 
dynamic factor of safety from 54 to 4-6 the 
duty of the rope decreased 66%. The moral 
of this was, that it was highly inadvisable to 
work witfn very low factors of safety. The 
cost of replacing a rope in a very deep shaft 
was a very considerable item, and it might 
be advisable to have slightly bigger engine 
cylinders, and work with a higher factor of 
safely, than to decrease the factor of safety 
and lessen the duty and life of the rope. A 
balance should be struck between cost of 
extra steam consumption and extra cost of 
ropes. 

It seemed that at Kimberley only one 
light rope with a low factor oi safety was 
used — 8-7 static factor, as against an aver- 
age of 10-8. Presumably it was found un- 
satisfactory, owing to its low duty and short 
life, as the next rope put on had a static 
factor of safety of ll'l. 
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Again, in a rope that was worn out, the 
interesting and instructive part to see was 
that section of the rope which actually 
iailed through breaking of some wires or ex- 
cessive wear, and not a section of the rope, 
whidh- had the whole rope been like it, 
might still be used to do the hoisting. 

They had also been favoured with some 
iigures regarding the cost per ton hoisted 
per 100 ft. length of rope at Kimbeiley, and 
compared with the cost of tapered ropes at 
Praibram. It might be remembered, in this 
connection, that the Przibram ropes worked 
with a static factor of safety of 6*9 and the 
Kimberlev ropes with an average factor of 
10-8. 

At Przibram also the dead weight of cage 
and ear hoisted was greater than the useful 
load, while at Kimberley the ore weighed 
more than tihe skip. The cost of the hoist- 
ing per 100 ft. length of rope at Kimberley 
should be 00046J. per load of 1,600 
lb., not per ton, as stated by Mr. 
Robeson. When the rope with a 
static factor of 8*7 was used at Kimberley 
the cost per 100 ft. promptly rose to 0014rf. 
per load, or O'Ollod. per ton, as against 
O'Olld. per ton at Przibram with factor of 
safety as low as 6*9. What would bo the 
probable cost if a factor of aiafety of 6*9 
•were tried with the Whiting hoist? 

One thing which the opponents to the use 
of taper ropes seemed to have looming 
largely in their minds was, that the use of 
tapered ropes involved a new and untried 
method of rope construction, and that it 
would be riskv to introduce them on the 
Kand as an experiment. Mr. Robeson de- 
scribed the rope of uniform section as ** a 
perfect structure," thus implying that the 
tapered rope was an ** imperfect structure." 
As a matter of fact, tapered steel wire ropes 
had long since passed the experimental 
stage ; they had been manufactured and 
used in the lead and silver mines at Przi- 
bram continuously for 25 years. That they 
had not been used more extensively, was 
due to the fact that their superiority over 
ropes of uniform section was not so evident 
at moderate depths (up to, say, 3,000 ft.), 
which was the limit of most mining enter- 
prises, to date, with a few exceptions. When 
they come to treat of depths ranging from 
3,000 to 6,000 ft., or even beyond, the 
tapered rope had its legitimate field opened 
np. From the duty table which he had com- 



piled, it would be seen that the tapered 
ropes were not one whit behind the ropes 
of uniform section, and that they were just 
as strong and rehable in the details of their 
construction. 

Brazed joints in the wires had come in 
for some acrimonious criticism, yet it was 
a fact that there was probably not one wire 
rope on the whole Witwatersrand which had 
not brazed joints in its wires. The * 'electric 
couple " argument was pretty, but more 
fanciful than real. It appeared that Mr. 
Kenneth Austin did not understand how a 
brazed joint in a wire was made. The two 
wires were not butted squarely together and 
brazed between, so that the strength of the 
joint was equal only to the tensile strength 
of brass of cross-section equal to that of 
the wire. The joint was made by cutting 
the two wires off on a slant so that the 
length of the faces to be joined was at least 
ten times the diameter of the wire. These 
elliptical faces were then brazed together. 

Assuming that the long axis of the face of 
the joint was ten times the diameter of the 
wire, and that the tensile strength of brass 
was 15 tons per sq. in., the strength of the 
wire 120 tons per sq. in., then the area of 
the elliptical face was — 

10 7rd2 



The cross-section of tihe wire was — 

4 

or the face of the joint is ten times the 
cross-section of the wire. 

The strength of the joint would there- 
fore be 150 tons per sq. in., and the strength 
of the wire was only 120 tons per sq. in., 
the joint being IJ times as strong as the 
wire. This bore out the statement of all 
wire rope manufacturers that when a joint 
was tested the test piece generally broke 
in the wire itself, and not in the brazing of 
the joint. 

With regard to bending stresses produced 
in a rope by being wound over a drum or 
sheave, many formulse had found circula- 
tion, and the results as given by different 
autihorities differed so much that HrabAk 
had appropriately described this subject as 
the " stumbling block " t(i cngineei^. In a 



38 



' Wirs R0IM8 for Hoisting.*' 



recent work called Die Droit fHcilc, 1902. bv 
Josef Hrabdk, two chapters were devoted 
to a most lucid and conclusive mathe- 
matical and practical treatment of this dark 
subject. He showed clearly how the elas- 
ticity of the wire, as it was in the rope, de- 
pended upon the spiral form it assumed, 
and he gave the scientific method of cal- 
culating the bending stresses; everyone 
knew that tlie elasticitv of the wires in the 
rope depended upon the twist, but no one 
heretofore seemed to have investigated the 
bending stresses mathematically on tihis 
basis. 

For an average angle of twist of 18^ 
Hrabdk gave the following figures for new 
ropes — 

I for a twisted strand. 

II for a rope of strands twisted round a 
centre line, 

III for a cable of ropes twisted round a 
centre line. 

Modulns of elaBticitj' Modulus of elasticity 
- of the rope of the wires 

as a whole. In the rope. 



I 


6 E 


•6636 E 


II 


•86 E 


•44 E 


III 


•216 E 


•2918 E 



E is modulus of elasticity of a straight wire. 
Note.— These figures were for ropes without hemp 
cores; with hemp cores ropes were more elastic, 
i.e., E was lower. 

This proved what everyone knew, that in 
proportion to their diameter a rope wa« 
more flexible than a strand, and a cable 
more flexible than a rope. 

The best formula for calculating the 
bending stresses was the one given by all 
the best recognised authorities, Eeuleaux, 
Unwin, Bacli, Hrabiik, and others. 

d 
p = E — - 

*' p *' behig the stress, '* d '* the diam. of 
wire in inches, K the radius oi sheave in 
inches, and E the modulus of elasticity of 
the wire as it was when in the rope. This 
was found by multiplying the modulus of 
elasticity of a straight wire by tflie proper 
fractional coefficients as given by Hrah^k. 

Fonnulffi which introduced empirical 
coefficients, or formulse which were em- 
pirical in form, were to be avoided. 



The general results of Hrabdk's inves- 
tigation showed that the bending stresses 
were much lower than those given by most 
fonnulae, and were only about half of the 
figures given in Mr. Austin's table. Anyone 
interested in this subject should study this 
valuable and interesting book on wire ropes. 

The formula given by Bach gave prac- 
tically the same results as were obtained by 
Hrabdk's method. The subject of bending 
stresses was not a paramount one in a well- 
.designed plant; the results of numerous ex- 
periments showed that if a wire rope were 
bent over a sheave to the breaking point of 
the rope, the fracture on the rope nearly 
always took place in the straight part of 
the rope and not on the sheave. 

Mr. Kobeson deserved great credit for 
attacking the differential stresses problem 
in a practical manner by actually measur- 
ing them in a few cases. It was one of Uu* 
dark problems connected with the Whiting 
system, for there were no differential strains 
in a drum winder. It appeared from the ex- 
perimental results that these strains, whicli 
did no useful work but strain the rope 
needlessly, were very considerable and re- 
duced the factor of'^safety. Mr. Eobeson 
gave it as his opinion that (as in his ex- 
periments the stresses were greatest in the 
smallest drums) with 16 ft. diam. drums 
the differential strains would become 
negligible. What this latter statement was 
based on was unfortunately not stated. 

This differential strain was produced be- 
cause the rope wound over two sheaves 
which being coupled together must move 
with the same angular velocity. As it was 
impossible in practice to make two sheaves 
(especially large ones) of exactly the same 
diameter, the natural result was that one 
sheave wound on more rope than the other,, 
consequently the rope was stretched be- 
tween the sheaves, thus inducing the dif- 
ferential strains. 

Let 11 = radius of one sheave or groove. 
R + x = radius of the other sheave or groove, 
I = distance between centres of sheaves. 
E = modulus of elasticity of the rope. 

Then the stretch of the mpe due to the 
different diameters of the sheaves while any. 
fixed point of the rope moved from the 
point of initial contact with the larger 
sheave to its point of final contact was — 

7r(R + x)--R-irx 
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The length of rope in white this stretch 
oi'ciirred, if there were no slip, wae — 

The diffei'eDtial strain in tlie rope for the 
first lap was therefore — 

For X - >,'s in. R = 8 ft. and/ = 18 ft. 
E = 20,000,000 for a rope in use for some 
time. 
P- 3,800 lb. 
This differential strain continued in the 
rope until the second lap was reached, when 
the same amount was again added. 

Stiyin on necond lap = 7,600 lb. 
On the third lap a similar amount would 
he udded, but as the rope where it left the 
drums finally could have no differential 
strain, it wonld crawl back to a certain ex- 
Fiu. 



[The Tcmainder of Mr. Lasckingcr's con- 
tribulion referred to the other subject mat- 
ter of Ike paper. — Ed.] 

Mr, Q. H. Thurston made the following 
rrinarfts m the course of his contribution to 
the discussion: 

(Page SSI } The bending of the ropes 
was also responsible for a percentage of the 
friction in a winding engine. That power 
was required to bend a rope was well 
known, and part of it was exerted in over- 
coming the friction of the wires sliding upon 
each other. The effect of this could be 
seen l)y opening up a rope that had been 
ninning over small pulleys for any length 
of time. The inside wires would be found 
! to have worn at the point where they were 
I in contact with adjoining wires, which re- 
sulted in a decrease of the sectional area 
' of the rope, thereby reducing its strength, 
I as represented diagranimaticaliy in Fig. 
U2. 



Diagram representing Bcnrings o 

t*nt iin tlie periphery of the third groove 
and ease the strain there. 

These results, as calculated theoretically 
on assumed data, tallied in their relative 
prc^Ktrtions with Mr. Kobeeon's experi- 
ments in a general way, the strain being a 
maximum on the middle lap. The actual 
strains as they occurred in running, how- 
ever, could not be calculated, because it 
would be so difficult to get exact data to 
figure from. The theoretical investigation, 
however, showed that the strain would con- 
tinue to exist, and would be high no matter 
what the diameter of the sheaves. The 
larger diameters of the sheaves reduced the 
difTerentiat strains only in so far as they 
gave a longer piece of rope to stretch. 
Therefore, until Mr. Itobeson could procure 
two sheaves with grooves of exactly the 
same diameter to a hair's breadth, he could 
not get rid of differential strains. With 
carelessly constructed driving sheaves the 
differential strains would be very high. 



an inside wire of a worn wire rope. 
14'i. This scoring action was also referred 
to by Air. Laschinger as an evidence of the 
internal work done in a rope. From this 
it was evident that the fewer the number 
of pulleys that a rope passed over the less 
would be the loss due to friction, and the 
longer the rope woidd last. 

In the case of the 'Whiting hoist at the 
Geldenhuis Deep, the niimbt-r of times that 
the rope was bent and straightened after it 
came out of the shaft until it again entered 
the shaft was 15. With the drum hoist at 
the Ferreira Deep each rope was bent and 
straightened twice only. A tail-rope was 
used at the Geldenhuis Deep, but not at 
the Ferreira Deep; notwithstanding these 
differences, the percentage of efficiency of 
the drum over the Whiting hoist, accordiuf. 
to Mr. Wood's calculations, amounted lo 
less than one-quarter of 1^. 

Mr. H. Leupold, concluding his discue- 
sion, spoke on the subject as under; — 
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[Page 287). Before ooncluding he would 
further remark, with regard to the strength 
of brazed joints, that wires were not butted 
and soldered end to end, but that the joint 
usually had a length of five diameters. In 
no cross section would there be found more 
than a thin line of brass, whilst the total 
soldered surface would be about four times 
the cross section of the wire. For 120-ton 
wire this certainly showed a reduction of 
strength at the brazed joint to' 



15 



120 



= -5 



of the original: but it should be borne in 
mind that these joints could be and were 
distributed over a considerable length, thus 
obtaining to the full the splicing effect 
which Mr. Behr had mentioned elsewhere. 

A lengthy experience with ordinary steel 
wires, ^ in. diam., used for aerial tramways 
in stretches up to 6,000 ft. and as much 
as 1,300 ft. difference in level between 
anchorages, in a region of hot summers and 
very severe winters, showed him that the 
wire never broke at the brazed joints. In 
this case, however, the ultimate strength 
of the wire was no more than 40 tons per 
sq. in., and this was why the soldered sur- 
face at only 15 tons per sq. in. (but four 
times larger) was necessarily stronger. The 
cross section at the joint was also stronger 
owing to a slight overlapping of the cham- 
fered ends, but, had the strength of the 
joint been to that of the wire as 15 to 40 
only, the breakages would inevitably have 
occurred there. 

From these considerations it would 
appear that brazing the wires composing a 
rope did not materially weaken it, and that 
this objection to taper ropes was not of 
great importance. 

Mr. Edwd. Goffe (exiraci) (Page 292). 
The fact that taper ropes had been in use 
at Przibram for twenty -five years did not 
prove them to be other than imperfect 
structures, and it was not evident how a 
rope formed of wires of varying diameter 
in parts could be compared, as to perfection 
of construction, with one in which the wire« 



were of the same size. At every spot where 
a brazed spot occurred, and the wire under- 
went a reduction in diameter (and this, 
according to Mr. Behr, was at about 16 ft. 
intervals), there must be some irregularity 
in the laying, and therefore some unequal 
straining and wearing of the wires. He 
had heard that it was the practice to lay 
short lengths of fine wire in the rope to 
make up these irregularities, and to some 
extent prevent ' the unequal straining. 
Could this be called perfect rope con* 
st ruction ? 

Mr. J. A. Vacghan dealt widely with the 
subject of wire rope a in the course of his 
con'iribution^ as foJloivs : — (Page 313). 
Again, it would appear that the introduc- 
tion of the tail-rope for deep level winding 
was also a new departure, and the question 
whether this appliance provided a safe and 
efficient method of balancing, when hoisting 
from great depths had to be seriously 
considered. 

The bad effect of a tail-rope in the lower 
stages of the deep level hoist was not appre- 
ciable; but in the progress upward, it had 
to be noted that its weight, gradually in- 
creasing, automatically prevented any in- 
creasing of the reserve of strength in the 
rope. An increase of the reserve of strength 
in the rope during the upward movement 
was a most desirable accompaniment to the 
winding, especially when the surface was 
being approached, for the resilience of. the 
rope was decreasing, and the kinetic shocks 
incidental to retardation had to be encoun- 
tered. Such increase was most desirable 
if the reserve of strength at the extreme 
depth had not been fixed unnecessarily 
high. 

These remarks supplied a context to the 
extract quoted by one member from tlu» 
results of Professor Undeutsch's researches. 
He showed, later on, how, in the design of 
the sectionally tapered rope an effort had 
been made to comply with the requirement 
just mentioned, and in which provision the 
theoretical tapered rope was lacking. 
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Fig. 146. 




The above diagrani, Fig. 146, showed the 
Tate of change of the statical factor of 
safety, and also of the reserve of strength 
of a winding rope during a hoist from 6,000 
ft. to the siirfac-e, for the following cases: 
(a) with a rope of uniform section; (b) with 
a rope of uniform section and tail-rope ; (c) 
with a sectionally tapered it)pe, as sug- 
j^'ested hy Mr. Behr; (d) with a theoretical 
taper rope. The conditions, as far as loads, 
grade of steel, factor of safety, etc., were 
concerned, being the same as in Mr. Behr's 
Case IX. 

It would be noticed that, considering 
statical conditions only, while there was no 
change in the value for factor of safety or 
for reserve of strength in the cases (h) and 
(d), in case (a) there was a very great 
increase, and in case (c) there was a varia- 



tion which allowed of a moderate and in- 
creasing addition during the last 1,800 ft. 
of the upward trip. 

The effect of these variations of the 
reserve of strength in the rope in moderat- 
ing the stresses, occasioned by kinetic 
conditions, might be capable of exact cal- 
culation, but it did not yet appear to have 
been dealt with satisfactorily. Approxima- 
tions could, however, be made. It was 
evident, for iiistance, that in case (b) during 
the upward trip, though the mass in motion 
remained constant, the length, and with it 
the elasticity, of the rope from pit-head 
sheave to skip was gradually lessening, so 
that the stresses occasioned by a sudden 
acceleration or retardation occurring at any 
stage of the trip would increase as the hoist 
progressed . 
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Without attempting to explain or to 
justify certain calculations that had been 
made, he wished to invite attention to the 
results, which were shown in a diagram 
(Fig. 147). They were intended to 
represent an approximation to the relative 
values of the stresses that might be occa- 
sioned by the maximum possible theoretical 



sheaves of small moment of inertia wero 
used, the maximum possible kinetic shocks 
might be more nearly obtained, than in the 
case of a winding plant using drums of 
necessarily larger moments of inertia. 

While it was quite possible that the views 
held at present, regarding the proper factor 
of safety for winding ropes, might be some- 
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kinetic shock, such as that due to the 
sudden stopping of the winding-drum, this 
event being supposed to occur at the various 
stages of a hoist of 6,000 ft., (a), (Jb), (c), 
(d), being the same as in the previous case. 

In cases (a) or (6), it was possible, if 
sheave- winding were resorted to, that the 
stresses might be considerably reduced 
owing to slip; but, on the other* hand, if 



what revolutionised when the full safety 
effect of the elasticity of a long vertical rope 
was satisfactorily ascertained, even now it 
might be reckoned a sound deduction that 
the use of a tail-rope for high speeds and 
great depths was a mistake, and that a rope 
which combined the advantages of the 
uniform section type and the taper type 
was the best suited to meet all conditions. 
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In the Whiting hoist, as designed for the 
depth of 5,500 ft., and using a tail-rope, the 
load would approach the surface to within 
400 ft. at a velocity of about 60 ft. per 
second, with a factor of safety in the rope 
(considering statical conditions only) of 6. 
This constituted quite a new departure in 
winding practice. The corresponding figure 
for the Kimberley Whiting was 9 or 10, he 
believed; in the average drum-hoist on 
these fields (without tail-rope) it was, say, 
10; and at the Geldenhuis Deep, where a 
tail-rope was used, it was about 8. In the 
case of the Red Jacket Shaft a statical 
factor of safety of 5, when the load of 4 
tons was at the bottom of the hoist, would 
be changed to over 10 when the load was 
near the surface. 

There were, as far as he knew, no miti- 
gating circumstances connected with the* 
disparity pointed out, and the accusation of 
prejudice cast at those who knew thes? 
facts, and therefore condemned the use o/ 
tail-ropes for deep levels, appeared to bo 
hardly justified. 

It has been asked, how the sectional 
areas of wire at various points of j\Ir. 
Behr's sectionally tapered rope compared 
with the corresponding section of the 
theoretical taper rope. 

By the use of the usual formula appHc- 
able to rods tapering according to the 
logarithmic curve, they could readily obtain 
values for the sectional areas at the ends 
of various lengths of a 6,0()0-ft. theoretical 
taper rope. 

Table 21 showed the comparison between 
a rope of the above cla.ss and the mpe used 
by Mr. Behr in Case IX, the load and other 
conditions being the same. 



It would be seen that in the case of Mr. 
Behr's sectionally tapered rope, owing to 
the designed differences from the theoretical 
taper, there was for a statical factor of 7 
at the extreme depth, a factor of safety of 
about 9 near the surface. 

Comment was unnecessarv in view of the 
previous remarks. 

The objections raised to the construction 
of sectionally tapered ropes had not been 
backed up by the presentation of any statis- 
titis of the failure of &uch ropes, or of ropes 
of uniform section, at the brazed j;oint8. 

Some failures had doubtless occurred, 
and particulars regarding them would be 
very valuable ?it this* juncture, as it was 
most ' probable that brazed joints would 
have to* be resorted to in the wires of all 
ropes, •; 'Whether of uniform seetion or 
tapered, for us^ in the deep levels; and, 
if the causes of past failures could be ascer- 
tained a remedy might be found for the 
defects. 

In connection with the calculations for 
sectionally tapered ropes, and other ropes, 
the following formula might be found 
useful : 



/ 



d-1-615 ^^ 



W 



f— 2.125N 
t 



In this formula d = diameter of rope in 

inches. 
W — weight of load and 

skip in short tons. 
F =^safe working stress 
i in short tons. 
N = number of thousands 
of feet. 

It had been checked only for a " six-nine- 
teen" rope, and the constants might require 
alteration for other classes. 



Table 21. 
Comparison of Factors of Safkty and of Skctional Arka of Wirks of Thkorktk \l 
,^ Taper Rope and Rope used by Mr. Behh in Case IX. 



At Capp-'ng. 



Theoretical Taper Rope 

Mr. Behr'H Sectionally Tapered R^)pe 



Wire Factor 
area in' of 
sq. in.j Safety 



•476 
•595 



7 

8-8 



1,800 ft. Hp. 1 4,600 ft. up. 



Wire 
area ifj 



Factoi Wire 



of 



sq in. Safety 



•5828 
•71 



7 
8-30 



area m 
sq. in. 



•683 
•845 



Faotoi 

of 
Safety 



4,600 ft. up. 



5,904 ft. up. 



Wire 
area in 
aq. in 



7 ■ -8015 

8 32 1 1 -01 



Factoi 

of 
Safety 



7 
8-1 



Wire 
area in 
8q. in 



•936 
101 



Factor 

of 
Safety 
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(Page 341). Mr. H. H. Webb, in the 
course of his remarks dealt as nnder with 
the subject of taper ropes: — 

He thought that Mr. Jennings' remark 
on page 133, 

The method of construction of the 
ropes at Przibrani is complicated, and 
must be costly/' 

and ^Ir. Robeson's assertion on page 162 
about the electric couple formed at each 
brazed joint by the acid water of the Wit- 
watersrand mines lowering the factor of 
safety, called for some notice. 

Mr. Catlin, who had recently visited 
Przibram and investigated the subject, had 
assured him that the manufacture of these 
ropes was not complicated, and that as a 
matter of fact he had no idea that it was 
so simple and easy. 

Mr. Behr and he (Mr. Webb) had also 
visited the works* of Messrs. Roebling and 
Sons in America, and of Messrs. Felten & 
Guilleaume on the Continent, and had 
talked the matter over with these firms, 
and they did not consider the manufacture 
of taper ropes complicated. Further, Mr. 
Behr would be able to give some interest- 
ing information on this subject from a very 
recently published work by Oberbergrath 
Professor Hrabdk of the School of Mines at 
Przibram. The ores of Przibram contained 
a variety of metallic sulphides, and the 
waters of these mines should be more acid 
than the water encountered in the mines 
of the Rand. No mention, however, was 
made by Professor Hrabdk of any such 
action and effect as asserted by Mr. Robe- 
son. On the Rand, there was probably not 
a rope of any considerable length used 
which was not brazed in several places, yet 
the argument raised by Mr. Robeson had 
never been brought forward there before. 
Certainly anyone acquainted with mining 
on the Comstock in the seventies and 
eighties would remember the great acidity 
of the water in those mines, especially as 
regards the effect it had on pump valves, 
and as a matter of history pertaining to 
taper ropes in use on the Comstock in those 
early days, he would introduce here a copy 
of a letter from the Superintendent of the 
<JrowTi Point, and also the Savage Mine, to 
Messrs. J. A. Roebling 's Sons Co. 



[copy.] 

*' Superintendent's Office, 

*' Savage Mining Companv, 
*• Virginia, Nevada, Feb. 7th, 1900. 

" Messrs. J. A. Roebling' s Sons Co., 
*' San Francisco, California. 

** Gentlemen, — 

*' Replying to your enquiry concerning taper ropee 
for the Savage Mining Company : 

" I find that in March, 1875, we received from J. 
A. Roebling's Sons Co. 4,000 ft. C.S. Round Taper 
Rope, 2 in. by 1} in. , which was shortly after placed 
in vertical shaft of 1,100 ft. and incline of 1,000 ft. 
for a few months only — probably nine — and taken 
out on account of great expense in this instance. 

" The ropes were then placed on reels and re- 
mained at the works, idle, for want of opportunity 
to use them. For what time they worked, we were 
well satisfied with them, and they were laid aside 
for no fault of the ropes. 

" We sold a portion of these ropes to the Crown 
Point Mine, report of which is annexed. 

** In the fore part of the year 1890, the Savage 
Mining Company sold 2,000 ft. of one of these taper 
ropes to the Crown Point Mine, which was worked 
for about three years constantly under the follow- 
ing conditions: — ^In a vertical shaft of 1,100 ft., and 
incline of 35° of 600 ft. from the foot of the vertical 
shaft. 

" It gave undoubted satisfaction in every respect, 
and is now on reel at the works in first-class condi- 
tion showing but little signs of wear from the work 
it has done, and is only laid by on account of there 
being no work for it to do. 

*' Yours truly, 

" (Signed) W. H. PORHAM, Supt. 

" Crown Point G. & 8. M. Co. 

Savage S. M. Co." 



ti 



(Page 356), Mr. H. C. Behr replied to 
the various ^natters discussed dealing with 
wire ropes, as under: — 

The rope of uniform diameter, required 
with driving sheaves, became heavier much 
more rapidly as the depth increased, than 
a taper rope of the same strength, particu- 
larly if the factors of safety, which had so 
far been used with driving sheaves, were 
not diminished. For the same maximum 
stress and amount of its fluctuations, the 
moment of inertia of the sheaves should 
therefore be actually greater than required 
for drum winders with taper ropes, in order 
to secure the same smoothness of running. 
In the following table were given the weight 
of ropes of uniform section, and of taper 
ropes for a depth of 5,500 ft. with factors 
of safety ranging from 6 to 10 for a material 
of 245,000 lb. ultimate strength. The use- 
ful load was taken at about 8,000 lb., the 
skip at 5,000 lb., the conditions being the 
same as those of Mr. Jennings' ease. 
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Tablk 22. 
Factors of Safety for Taper Ropes and Ropes of Uniform Section. 



-L^cpvu in iv« ••■ ••• ••• ••• ••■ ••• 

Weight of Load, lb 

Weight of S^kip» lb 

Static Load Stress 

Breaking Stress of wire* lb. per sq. in 

Rope in three sections /Weight of rope, lb. 
of varying diam. 2,000 I Largest diam. of rope, in. 
ft., 2,000 ft. and 1,500 | Smallest diam. of rope, in. 
ft. long ; without tail- I Load Stress when skip is 
rope. \ at top of shaft 

/Weight of Rope, lb. ... 
Rope of uniform sec- J Diam. of rope, in. 
tion with tail rope, f Load Stress when skip is 

\ at top of shaft 
Factors of Safety for Tapsr Ropes when skip is at 

vUTXarvw ••« ••• ••• »•« ••• ••• 





Factor of Safetv. 




6 


7 


8 


9 


10 


5,600 


5,500 


5,500 


• 
5,500 


5,500 


8,000 


8,000 


8,000 


8,000 


8.000 


5,000 


5,000 


5,000 


5,000 


5,000 


40,833 


35,000 


30,625 


27,222 


24,500 


245,000 


245,000 


246,000 


245,000 


245,000 


10,566 


13,358 


16,624 


20,440 


24,956 


1-201 


1-372 


1-655 


1 -7521 


1-9679 


0-994 


1096 


11984 


1-3 


1-4034 


82,829 


27,027 


22,628 


19,222 


16,501 


15,180 


22,000 


33,164 


54,766 


114,400 


1-315 


1-58 


1-94 


2-494 


3-6056 


40,833 


35,000 


30,625 


27,222 


24,500 


7-46 


9 00 


10-82 


12-74 


14*84 



For a factor of 7, the total weight sup- 
ported by the rope at starting was nearly 1^ 
times as much with the rope of uniform 
section as with the taper rope for the depth 
given, and the total . moment of inertia 
should be greater in the same proportion 
for the tail-rope, if the same steadiness of 
running were required. 

With taper ropes, the factor of safety 
could be increased if needed, without 
thereby greatly increasing the width of 
drum. 



(Page 391). According to what Profes- 
sor Undeutsch had shown in the paper 
referred to by Mr. Jennings, and according 
to the similar investigations made by Mr. 
J. A. Vaughan, the results of which he gave 
in bis contribution to the discussion, and 
also according to general experience, it 
appeared that the security of a rope against 
suddenly applied loads or shocks decreased 
very rapidly with the distance between the 
load and the drum, starting from a certain 
point where the security was greatest. It 
w^s therefore wise to give a considerable 
length of rope between the pithead sheave 
and the drum, an arrangement which like- 
wise had the effect of diminishing the angle 
of lateral deviation. 



(Page 404), Mr. E. T. Sederholm's 
formula for the bending stress ** S *' in 
the wires of a rope, given in his contribu- 
tion on page 104 and in Plate XXVI, was 
nothing but the old Reuleaux formula 
apphed to a rope with 6 strands of 19 wires 
each, and the very simple combination to 
obtain the admissible load ** L " consisted 
only in multiplying the sum of the stresses 
due to bending and direct load by the useful 
area of the wire in the rope. Mr. Seder- 
holm's formula was also affected by the 
same error as that into which Professor 
Reuleaux fell in basing his stress calcula- 
tions on the direct modulus of elasticity of 
the material, which gave a value too high 
for all cases, except perhaps that of the 
wires in an old flat rope. Professor Bach, 
in his work Die Maschinen Elemente, had 
shown this supposition to be wrong, and, as 
the results of experiments, gave figures for 
the bending stress in the wires of new un- 
used ropes, which were only 36% of those 
which were calculated from the Reuleaux 
formula. 

The reduction given by Professor Bach 
was, however, only suitable for new ropes 
of the ordinary construction, as shown by 
Professor Hrabak in his recent treatise on 
wire ropes, entitled Die Drahtaeile. Accord- 
ing to the very extensive experiments insti- 
tuted by Hrabilk, the bending fltress in an 
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ordinary hoisting rope, like those with 6 
strands of 19 wires, would be on an average 
about double that occurring in a new rope, 
or about 72% of the modulus of the elas- 
ticity *' E "of the material. This agreed 
practically with the results for E = 
21,500,000 obtained experimentally by Mr. 
A. M. Eobeson and given in his contribution 
to the discussion when treating of differen- 
tial stresses-. For a rope of 6 strands with 
7 wires the modulus, according to Hrabdk, 
would be higher, so that the bending stress 
would be also proi)ortionally higher for the 
same size of wire with a 7-wire strand, than 
with 19- wire strand in the rope. According 
to experiments referred to by Professor 
Hrabdk, Lang's lay ropes retain a lower 
modulus of elasticity than ordinary lay 
ropes. They must, liowever, be kept from 
untwisting. 

An interesting point brought out by 
Hrabak through his experiments, though 
this was not in the nature of a reply to any 
criticisms, was the 'fact of the rapid increase 
of the modulus of elasticity during the first 
few weeks' use of a new rope, and its more 
and more gradual increase until an apparent 
maximum was reached, after which the 
modulus often seemed even to decrease. 
This latter effect, however, Habrak pointed 
out, was only apparent, it being, in fact, a 
sure sign of the beginning of the giving way 
of the rope when this was observed. HrabaK 
remarked that the rope should then be dis- 
carded as unsafe. Hrabdk i^commended 
frequent tests of the modulus of elasticity, 
made in a similar manner to those executed 
here by Mr. Robeson, as an excellent 
means oi inspection and indication of the 
condition of the rope. 

Referring to bending stresses in ropes 
wound on drums, Mr. Jennings remarked : 
" At least half the total amount of rope 
was always under a bending strain." 

Mr. Laschinger had shown that, owing to 
the elasticity of the drum-shell, the stress 
on the rope must necessarily be relieved to 
a considerable extent. This had also been 
shown in practice by some drums which 
had carried so many coils of rope under 
strain that, if the strain had remained of 
the full value in all the coils wound on, 
the drum shell would inevitably have been 
crushed. But assuming, for the sake of 
argument, that the stress did remain in the 
rope, was it not a well-known physical fact 



that the more frequently a given stress was 
applied and removed the sooner the 
material was fatigued? Evidently the 
Whiting hoist caused more repetitions of 
stress than any other winding device, in- 
cluding two reversals and two 70% rever- 
sals, as the diagrams given by Mr. 
Laschinger in hJs contribution showed. 

One contributor, Mr. Kenneth Austin, 
seriously made, in substance, the extra- 
ordinary statement, that in running over 
the sheaves of a Whiting hoist, the rope 
had not time to become set or damaged. 
According to well-established laws, the 
stress was proportional, within the elastic 
limit, to the deformation, and the rope did 
certainly receive the same deformation in 
being wound around a ftheave as around a 
drum, only in the Whiting it received so 
many more deformations, that its life must 
be considerably shortened thereby. As a 
logical weakness of Mr. Austin's remark 
might be pointed out the fact, that the 
sheaves did stand still for quite a laj'ge 
[ portion of the time, and that during such 
stoppage, the rope would have ample 
opportunity to assume the stress, which, 
according to Mr. Austin, it had no time to 
pick up when hurrying around the periphery 
of the sheave. 

It seemed to him that Mr. Robeson's 
remark on page 155: — 

** What did it matter if there were 
differential and bending stresses there, if 
they did not cost anything? " 

did not apply to the question at issue, that 
of ropes with a factor of 6 or 7 for deep 
shafts used with Whiting hoists. The 
Kimberley shaft, to which Mr. Robeson 
pointed in connection with the above re- 
mark, was only 1,849 ft. deep when the 
ropes to which he referred were used. The 
shafts on which the discussion hinged were 
to be 5,600 ft. deep. Again, the factor of 
safety was high at Kimberley, the writer 
being informed by Mr. P. A. Robbins, the 
Resident Consulting Mechanical and Elec- 
trical Engineer of the De Beers Company, 
that the factor of safety in use was 10. 
Mr. Robeson proposed to use a factor of 6 
for the Whiting hoists he intended to instal 
for the shafts 5,500 ft. deep, since it wajR 
evidently impracticable to use a factor of 
10, or even 8, for such depth, with a rope 
of uniform section. 
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{Page 407). On page 133 Mr. Jennings 
stated : — 

The method of construction of the 
ropes (taper) at Przibram was compli- 
cated, and must be costly." 

But he did not show any reason for his con- 
tention. The following description of taper 
ropes and their manufacture, was translated 
from Professor J. Hrabdk's new book on 
wire ropos, entitled D/(; Drahtseile (pp. 43, 
44, and 45), from which it could be judged 
whether such manufacture was compli- 
cated or not : — 

*' When hoisting is done from very 
deep shafts it ie necessary to use tapered 
ropes in order to avoid excessive weight 
in the rope itself. Long suspended 
prisms of equal strength throughout fol- 
low in profile the curves of a cubic para- - 
bola. It would be a vain attempt to re- ! 
produce the cubic parabola profile in con- 
structing a taper rope. In point of fact 
t^per ropes, to answer all practical and 1 
necessary requirements, are made in this | 
way: — The lowest section is made uni- | 
form and very long (c.g.t 300 to 400 m.), | 
with a certain number of wires of the , 
proper thickness. The upper portion oi i 
the tapered rope is made of uniform por- 
tions of greater diameter, all portions 
being of equal lengths, say, 200 m. 
each.* 

" In practice the section of taper ropes 
is varied in two ways: — 

** 1st. By decreaeing the number of 
wires while retaining the same 
diameter of wire. 

** 2nd. By decreasing the diameter of 
the wires while retaining the same 
number of wires. 

" These changes must be effected in 
the strands which go to make up the 
finished rope. 

" It serves all purposes better to adopt 
the second method of construction in pre- 
ference to the first method, because when 
a strand is laid it is impossible to alter 
the machine to lay, for example, an 8 
wire, a 7 wire, and a 6 wir.?. strand, 



* In order to obtain an equal Btrength in the 
uppermost cross-section (the so-called most danger- 
ous cross-section) it would in theory be necessary 
to make the uniform portions of the rope shorter in 
length as the upper end is approached, but for 
practical reasons, as shown in other parts of. this 
book, this is not done. 



equally well; the same spinning head 
which handles 8 wires would then have 
to handle 7 wires and then 6 wires, and 
the spinning would not be uniform.. 
Further, when these strands are 
spun to foiTii the rope there will be fur- 
ther irregularities. In any case the 
manufacturer of a taper rope by decreaa- 
ing the number of wires depends some- 
what on circumstances. Only certain 
systems of rope construction, and these 
not of the best, are adapted to this 
method of producing taper ropes. 

The second method of construction 
(by maintaining the same number of 
wires and decreasing their diameter) is 
much more practical and convenient. 

*' In the details of their construction 
and in actual practice such ropes are per- 
fectly reliable, and no uncertainty need 
be feared if the rope-laying machinery is 
properly designed and tihe installation in 
which the ropes are to be used provided 
with drums and sheaves of the correct 
diameteis.* Fui-thoraiore, this method is 
suited to any style of rope construction 
as regards the lay or tlie arrangement of 
the wires in the cross-section. 

'* The manufacture of taper ropes 
according to this method does not differ 
in practice from the manufacture of ropes 
of uniform section. In the ordinary pro- 
cess of manufacture of uniform strands 
the machine must be stopped whenever a 
spool of wire gives out and another full 
spool is substituted. In such a case the 
two wires are joined by flatting their 
ends, laying on top of eadh other and 
binding them together with thin copper 
or brass wire. The joint is then brazed 
and finished round. This done the wire 
is stretched' to the proper tension and 
the machine again started. 

. " In a similar manner, the smaller 
wires are brazed on to the larger ones 
when making strands for taper ropes, only 
these operations are made to occur at 
regular intervals as soon as the required 



* In the Lead and Silver Mines at Przibram, taper 
ropes constructed as above have been in use for 
the last quarter of a century, hoisting originally 
from two shafts each 1,000 m. deep, and at 
present from five shafts, which • now considerably 
exceed 1,000 m. in depth. These ropes are con- 
structed of cast steel wire with an ultimate strength 
of 180 kg. per sq. mm. A large and varied ex- 
perience with these ropes has proved that this 
method of manufacture is most highly satisfactory: 
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length of strand of uniform size (which 
is necessarily somewliat greater than the 
length of tihe section of rope to be made 
therefron^) ha« been completed, when the 
brazing on of the smaller wiree begins)* 

" The brazed joints in the wires where 
the diameter changes are distributed over 
a length of from 10 to 20 m. of the 
strand, depending upon the number of 
wires! 

'* In this manner the reduction of 
diameter of the rope is brought about 
while the strands are being laid up. As 
a rule, the ohange in diameter of the wire 
ie according to wire gauge one or two 
sizes smaller than the previous one. 

** The laying up of the strands into a 

rope is exactly the same for taper as for 

ropes of uniform section." 
# # # # 

Mr. Robeson remarked that : — 

" With the acid water of the Wit- 
watepsrand mines, the electric couple 
formed at each brazed point would soon 
lower the factor below 7, and if wires 
were * dropped ' at intervals, as some 
makers proposed, the rope would be no 
better than a spliced rope.*' 

Mr. Webb had given an instance of a 
taper rope with brazed wires, which lasted 
for a lon^ time in mines noted for their 
acid waters. Probably the thorough oiling 
of the rope prevented the action of the 
acid. 

He could not see that the " dropping " 
of the wiree would cause the rope to be tihe 
same as a spliced rope, because in the 
taper rope thus constructed, the wires giv- 
ing the full cross-section required for the 
factor of safety adopted, at the point where 
wires are dropped, ran clear through from 
the upper end of the rope (not perhaps 
without such brazings as may be needed in 
view of limit of wire length commercially 
obtainable). In a spliced rope, on the other 
hand, there was a break in a wire where it 
should properly be continuous. 

The following table gave the constric- 
tion of tihe taper ropes for the winders of 
the Ronchamp Ck)llieries, mentioned in the 
early part of this reply, and designed to 
operate at a depth of 1,000 m. (3,280 ft.). 



The ropes were constructed according to 
the method of dropping wires. (From 
Zeiischrift dea Vereins Deuiscker Ingen- 
ieure, article by A. Deeg on Twin Tandem 
Compound Winders, 19th July, 1002):-^ 



Length 

of soction 

m. 



236 
235 
235 

235 
246-5 



Number 
Diameter of wires 
of section of 2*85 
mm. mm. 

diameter. 



Weight 



Weight of 



in kgs. I section in 
per m. I kgs. 



45 
48 
51 
54 
58 



80 

88 

96 

104 

112 



: 4,685 

; 6,043 

5,600 

5,960 

I 6,420 



1,077 
1,185 
1,292 
1,398 
1,582 



Total I , ,op ;t 
length i »'1»^'-^ »» 



weight S ^ ^'^^ *^«" 



* The measaring of the length of strands is done 
during the laying up, by means of a counter driven 
hy the machine through a light friction wheel ex- 
actly 1 m. circumference. 



The rope was constructed by Adolph 
Stein of Miilhausen in Alsace. An illus- 
tration of the winder with which the al>ove 
rope was used was shown by Mr. 
Laschiuger in his contribution. 

The above data and information should 
answer Mr. Jennings' further i*emark in 
his contribution: — 

** This being so, would not the place 
of junction of two ropes of uniform sec- 
tion be a * weak hnk in the chain,* and 
would it not be logical to insist on a 
higher factor of safety in the taper rope 
system than in that of the rope of uni- 
form section? At present, did the Min- 
ing Regulations peranit ropeg of unifornt 
section to be spliced, and, if not, how 
could Mr. Behr legally join a length of 
rope of small section on to another length 
of larger section? " 

The reason why taper ropes had not been 
used to any greater extent was evidently 
because, with the materials of to-day, a 
taper rope would not be needed until a 
depth of, say, about 3,000 ft. had been 
exceeded, which at present had happened in- 
only a few instances. The taper ropes on- 
the Com stock were introduced at a date- 
when rope materials had a much lower ulti- 
mate strength than those which could b^ 
had now. It was while these ropes werf^ 
still in use that an important improvement 
was made in the strength of rope wires, 
and there was therefore no sufficient reason' 
to adopt taper ropes for the depths then 
worked. 
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Mr. Jennings had quoted Professor 
Undeutsch repeatedly in his contribution in 
order to demonstrate the inadvisability of 
using taper ropee. (He Mr. Behr) could 
find nothing in the Professoir's treatise indi- 
cating that taper ropes would be more un- 
safe than those of uniform section. It had 
been shown by several contributors, and 
also by him in his reply to the London dis- 
cussion, that the taper rope constructed in 
the long terminal length of uniform section, 
as recommended by Hrabdk, or by Felten 
and Guilleaume, of Miilheim on Ehine, had 
a much higher factor at the lower end than 
at the upper. It was evident, therefore, 
that the lower end of the taper rape was 
safer than the rope of uniform section with 
tail-rope and equal factor of safety. The 
taper ropes for the cylindro-conical drums, 
herein discussed, were designed with a very 
long lower section, and had therefore a high 
factor of safety at the capping. The rope 
thus had its greatest strength where 
shocks, as Professor Undeutsch and Mr. J. 
A. Vaughan pointed out, were most dan- 
gerous, i.e., when the load was near the 
surface. On the other hand, the hoisting 
rope of uniform section proportioned for a 
factor of 7, when operated with a tail-rope, 
had that same factor when the load was 
at the surface just before being discharged 
and had thus a very much lower strength 
than the taper rope at the very time when 
strength was most needed. 

Mr. Jennings referred to a fornuila given 
in Kent's Mechanical Engineer's Pocket 
Book as applicable to taper ropes. The 
formula given by Kent was not suitable for 
taper ropes. It is the well-known formula 
for a suspended body of equal strength for 
statical conditions alone. It was also well 
known that the true form of this was not a 
t-aper. It would be absurd to try to con- 
struct a tapering rope according to the for- 
mula for equal strength referred to, because 
in a tapering rope the lower smaller part 
should, as pointed out in the preceding 
paragraph, have a greater statical strength 
than the upper part in order to resist 
shocks. 

He had referred in the early part of his 
paper to two large mines where taper ropes 
were in use, or were about to be used, viz., 
the Ronchamp Collieries in France, and the 
Preussen shaft No. II in Westphalia. These 
were recent installations. At Przibram 
there were five shafts at which taper ropes 
were ust^d, two of thes;^ over 4.000 ft. deep. 
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The Roiina Mine at Kladno, Bohemia, had 
a shaft only 1,456 ft. deep, where, accord- 
ing to Hrabdk, taper ropes were used. L^on 
Poussigue, in the Bulletin de la Socicte dc 
V Industrie Minerale, mentioned the Hugo 
Mine in Westphalia, with a shaft 1,944 ft. 
deep, as using taper ropes. At the two 
last-named places, however, he failed to see 
why taper ropes were employed, since the 
depth was not sufficient to warrant their 
use.* 

In his concluding remarks Mr. Behr said : 
Taper ropes were as reliable as those of 
uniform section, and would cost less for 
deep shafts than ropes of uniform section 
of equal effective strength. Taper ropes, 
made as they should be with a long lower 
portion of uniform section, had a greater 
margin of safety at the most dangerous 
section than ropes of uniform section with 
tail-ropes for the same factor of safety. 

* According to a communication received by Mr. 
Behr, since making his reply, the " St. Egydyer 
Eisen-und-Stahl-Industrie-Gesellschaft " of Vienna, 
has manufactured quite a number of taper ropes; 
for example they have furnished three taper ropes 
for the Theresia Shaft of the Witkowitz Coal Mine 
in M&hrisch, Ostrau. Particulars as follows: — 

Lang's lay rope, ultimate strength of material 180 
kgs. sq. mm. (256,000 lb. sq. in.), 108 wires. 



I'pper section 
Lower section 



• « • • • < 



Diameter Diameter 
Length, wire rope. 

400 m. 2' 2 mm. 34 mm. 

450 m. 2*4 mm. 37 mm. 



A rope for Giovanni Peron in Schio, a taper rope 
570 m. in length in four sections as follows: Con- 
struction (6+1) (6+1). SHx strands around one, 
each strand 6 wires around 1. 

Diameter Ultimate strength 
Length. wire. of material. 

Upper section 142 m. 2*5 mm. 120 kgs. sq. mm. 
Upper section 142 m. 2*2 mm. 120 kgs. sq. mm. 
Upper section 142 m. 2*0 mm. 120 kgs. sq. mm. 
Lowest section 144 m. 1*8 mm. 150 kgs. sq. mm. 

Total 670 m. 

Another rope for Giovanni Peron 1,400 m. in 
length (4,600 ft.). Construction same as above, in 
two sections. 

Diameter Diameter 
Length, rope. wire. Strength. 
; I'pper section 500 m. 25 mm. 2-5 mm. 120 — 130 
Lower section 900 m. 20 mm. 2*2 mm. 120—130 

They have also supplied taper ropes for boring in 
Galicia. Construction, 6 strands around a hemp 
core, each strand composed of 15 wires, around 9 
wires around a hemp core. Strength of material 
120—130. Total length 600 m. 

Diameter Diameter 

Length. rope. wires. 

Upper section 200 m. 22 mm. 1*2 mm. 

Lower section 400 m. 18 mm. 1*0 mm. 
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From the '* Journal of the Mechavical 
Engineers* Association of the Witwaters- 
rand. Vol. Ill, No. 5, 1904;— 



NOTES ON THE CORROSION OF WIRE 
ROPES BY MINE WA^fER. 



Paper by Mr. W. S. Thomas (Associate 

Member). 



The subject of corrosion iii wire ropes due 
to acid water in the mines is one deserving 
the atention of the engineering profession, 
and has lately been brought into pro- 
minence. The failure of many^ ropes re- 
cently may be attributed to this cause, and 
apparently each year we have a greater 
number. The subject is one of which we 
know but little at present, and we are con- 
stantly adding to our stock of knowledge in 
this respect. 

At the request of our President, and 
through the kindness of Mr. Webber, 
General Manager of the Rand Mines, the. 
writer is allowed to give the details of some 
experiments recently made in the water 
from the Crown Reef Mine. 

This water, together with the water from 
the Bonanza, is pumped by the Crown Deep 
through their shafts. The water of the 
Crown Reef probably contains the greate«it 
amount of acid of any water on the Rand, 
and therefore the experiments given below 
may be taken as the maximum action of 
mine water in any given time. The Bon- 
anza water also contains a large amount of 
acid, but not nearly so much us the Crown 
Reef water. In pumpini? the water great 
difficulties are experienced with the 
plungers in the pumps and the pipe 
columns. These pipes have to be lead- 
lined, but even that does not entirely over- 
come the trouble. The greatest possible 
care is used to keep this water from getting 
on the ropes, and the examination for 
corrosion is very thorough, this being neces- 
sary owing to the very acid water being 
pumped through the shaft. 

The water from the Crown Reef enters 
the Crown Deep in a small cascade of about 
8 ft. in height, and the experiments were 
made by hanging wires by means of string 
in the water about 3 ft. from the top of the 
fall. The wires, which were hung in pairs, 
were of crucible steel 061 in. diameter, and 
of galvanised plougli stevl 063 nnd 066 in. 



diameter. These steels are both what might 
be considered high carbon steels, but unfor- 
tunately the writer is unable to give any 
idea as to the amount of carbon contained 
in either. A high carbon steel is generally 
supposed to be affected by acid much more 
rapidly than a low carbon steel or iron wire. 
Personally, the writer has never made any 
experiments to prove this, and has in one 
or two instances noted quite a contrary 
effect. An instance of this can be seen in 
the wires of the sample marked ** Z." The 
outer wires are 90-ton crucible steel, and 
the core wire is either of soft iron or mild 
steel, which would be lower in carbon. The 
inside core wire is found to be very much 
more affected, though the acid was probably 
acting the same time on each. There was 
a set of experiments made by the Admiralty 
lasting over a period of some twelve years, 
and they found high carbon steel more 
affected than low carbon steel or iron by 
sea water. Amongst the wires shown here 
there is very little difference between the 
amount of corrosion which has taken place 
on the crucible and plough steel, though it 
is safe to assume that the plough contains 
the greater amount of carbon. The wires, 
it will be noted, are not eaten away to quite 
the same amount throughout their entire 
length. Just near to where the string was 
tied in every case a greater amount of 
corrosion has taken place, and this has also 
occuned where the wire has been bent. 
This might be accounted for in the first 
instance by the fact that the hemp string 
holds the water containing tlie acid and 
gives it a greater chance to act. This would 
lead us to the assumption that untarred 
hemp cores in the centre of strands would 
aid corrosion in ropes; with tarred hemp 
cores, however, there should be no chance 
of the water being held, although in sample 
** Z " above-mentioned the wires are cor- 
roded where they have been in contact with 
the hemp core of the rope. This core was 
presumably tarred when the rope was made. 
The bends in the wire would also tend to 
hold the water at that particular place, and 
would probably account for the greater cor- 
rosion noted at such places. Also each wire 
is very sharply pointed at the ends, and this 
appears to be always the case where strong 
acid is acting, -\nother thing which should 
be noted in regard to these samples is that 
the acid action on tlie crucible steel is not 
shown by pitting to any great extent, 
though on the plough steel it is thus shown 
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in the earlier stat'es. That ploiit;li steel |)it« 
more thun crucible in thU water «us puiiit-ed 
uut to tile writer aome time ago by Mr. 
VVilfion, Resident Engineer of the Simmer 
and Jack, and it is certainly bo in this 
instance. 

Tht! wirtH wliicli were iinnierse<l in 
€rown Heef water are exhibitt^d here to- 
night, and are as follows: — 

Sample No. 1 A. — These two pieces are 
crucible steel, and were removed after 
having been imraemcd for a period of 24 
liourx. They ai¥ to he found eaten away 
to about ■(t^tl in. d'ametcr in the larger part, | 
and about (TiO in. diameter in tlie part 
neureiit the string. 

Sami>lk No. 1 B. — These two pieces are 
of galvanised plough steel wire, and were 
also removed after 24 hours. In the larger 
Bample there are places where the wire is 
Ktill the original sixe, and this i» also the 
case with the smaller, though in the latter 
there are distinct signs ol pitling. The other 
ends of the wires are eaten away to aboub 
■045 in. diameter. This seems to show 
that the galvanising of wii-ea may resist the 
action ot tlii' acid, and thereby preBer%'e 
the ropes to a certain extent. 

Sample No. 2 A..— These are two of the 
crucible wires after 86 hours inmiersion. 
These have been eaten away to about 010 
as the smallest diameter, and Oii.'i as the 
largest. 

Sami'I.?; No. 2 H. — Two of the galvanised 
plough steel wii-es after 3fi hours. The 
smallest diameter here is about ■n'24 and 
the largest about "f)S7. 

Sample .No. 3 A.— One of the orueiblo 
steel wires' taken out after 38^ hours. This 
was found to be eaten entirely thi-ough 
near where the string was tied. The larg- 
est diameter is about 004. 

Samplk No. 4 A.— One of the crucible 
steel wires, after beiUR in tlie water 37 
hours, was found to be on the .(Miitit of 
breaking, and was removed earlier than 
was originallv intended. The larficst sine 
here is about ■0'>2. 

Kami-lk No. 3 B.— Twi. of the galvanised ; 
plough stei'l wireiJ after being 38i hours , 
in the water. The average diameter is ■ 
about 025 in the one wire and 021^ in the ' 
other. The smallest diameter is like a , 
pin point and is almost on tin- point of , 



From the looks of the saniplee shown 
here, it would be safe to as.iume that a 
001 wire would only last from 37 to 40 
hours in this water. Should water con- 
taining this amount of acid get on a rope, 
it would be most dangerous. Fortunately 
few of the mine waters would have as rapid 
an action as this of the Crown Reef. 

A peculiarity of the acid action in the 
mines here may be noted, and is that after 
the wire which has been affected on the 
inside of the rope has been cleaned up, it 
oft«n has the appearance of liaving been 
Ivadly worn through chafing on the inside 
core wires, or what might be termed inter- 
nal friction. A sample marked " X " la 
shown of wires taken from a compound 
crucible steel rope which was badly cor- 
roded inside. When the rope was opened 
out, after having been taken off, the inside 
of the stmnds was filled with a red oxide, 
and there was no doubt as lo corrosion 
having been the cause of this apparent 
wear. Since tliese wires have been taken 
from the rope, they have been thorougtily 
cleaned, and you will note that there are no 
signs of pitting, the appearance of the 
wires being that of wear only. One of 
tlie worst features of the action of acid 
water here !■* that it affects the inside of 
ilie strands of a rope and is often never 
visible from the outside, except that it is 
shown in a certain way in one or two con- 
structions. Generally speaking, a rope m 
which the strands aro composed of wires 
wrapped around a core of several wires 
(this in mining rapes would be either what 
is known as the compound construction 
or the 1!* wire construction) inside corrosion 
can be rcadilv detected. 



.'ieclioim S'la Hiid (\>mpi>iiiiil Cuaulructioii* ,-l Rop*. 

The evidences of internal corrosion iu 
the al«)ve construction !»re shown on the 
outside of the i-<)pe by the fact that the 
wires ilo not l>ear equally anil seem to be 
locse in many places. the first evidences 
are when a knife is put between two wiret> 
on the croivti of the strand, and the wires 
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Sample 1 B. 



Sample 1 A. 



Sample 2 A. 



Sample 2 B. 



Sample 3 B. 
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Illustration of wires after having been in thvOown Reef water for periods vaiying from 

24 hours to 38^ hours. 
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can easily be moved iiside. After the cor- 
roaion has gone further, tlie wires sticlc up 
like the centre of a caiTiage spring aDd can 
«asity be pressed donn with the finger. In 
this case the blade of a knife can be 
jiiessed under the back of the wire. The 
sample marked " Y " is shown to illustrate 
a rope made six ntraiids of eight wires over 
seven (compound construction) which has 
been internally corroded, and the above 
^igns are all plainly visible. What is dan- 
gerous about a rope corroded in this way is 
not eo much the actual reduction of the 
area of steel m the Hection ae it is the fact 
that nearly every strand has one or two 
wires which are not bearing any portion of 
the load, and greater strain is therefore put 
upon the other wires. If the wires which 
are bearing the greater portion of the load 
should break, it would suddenly throw the 
load on the corroded wires with a slight 
jerk, thereby causing the entire rope to be 
broken. When a rope shows these signs 
it is impossible to judge how many wires 
lire bearing the load, and for this reason it 
should be removed at once. 

Thus far the writer can give no nile by 
which internal corrosion can always be dc- 
t<?cted in the 6/6 and 1 construction of 
Tope. 



Section 6/6 and 1 Coiistructioti of Rupe. 

It is always accompanied by a reduction 
in diameter, but a reduction in diameter 
may be due to so many other causes that it 
can hardly be given as a rule for determin- 
ing internal corrosion. In many cases 
-corrosion, if taking place, is indicated by 
considerable pitting between the strands 
just at the point where the wires turn into 
the rope. There have been cases, how- 
ever, where no pitting is visible from the 
outside and the rope is found to be badly 
corroded inside. Such a case is illustrated 
by the sample marked "Z." TJie rope 
iself is shown here, together with some of 
the wires, wliich liave been removed from 
Another portion. The reduction in diame- 
ter in this rope in from IJin, full (^mn. 



circ-) to lin. and In some places 31-32ini8. 
You will note that this wire is very badly 
pitted on the inside and no evidence of this 
pitting is visible on the rope itself. An- 
other peculiar thing here is that the corro- 
sion has been going on for some time and 
has then stopped, owing, probably, to the 
fact thiit the shaft became very much drier 
after the rains ceased. This concliiaion is 
arrived at on account of the pit-marks being 
covered over by the tar which was applied 
to the rope on the outside. 

The sample marked " Q " is shown to 
illustrate corrosion as exhibited by pitting. 
This rope was worked in an incliue shaft 
for about a year. Possibly the acid in the 
water was worse at some times than at 
others. The analysis of the water in one 
of the shafts of this mine shows 01127 per 
cent, of free sulphuric acid. It is probable 
that the amount acting on this rope was 
two or three times this. 

-Acid action which is expressed by pitting 
in this way is not very dangerous on ac- 
count of the fact that it can be readily seen, 
and the action is as much on the outside 
as on the inside. Steom corrosion due to 
the ropes being worked in an up-cast shaft, 
wliere engines are worked below, is 
generally shown by pitting very similar to 
this. -^ corrosive action due to steam can 
be prevented by galvanising the wires of 
the i-ope. As a matter of fact nearly ail 
the coiTosive actions in the collieries at 
home can be prevented by galvanising, 
which is a thing to be strongly recommend- 
ed under certain circumstances. The 
writer has not yet completed experiments 
to sliow whether it would be a preventive 
I in this mine water, though one or two 
; galvanised mpes have certainly given good 
I results here. 

i A most peculiar action of acid water can 
I be seen on tlie flue tube of a Lancashire 
I boiler at the Meyer & Charlton mine. The 
I action here is the eating of a half-inch or 
1 three-quarter inch plate entirely through in 
I isolated spots and not showing any effect on 
1 other part^ as far as can be seen. In one 
' place a piece of one of a rivet is hammered 
very thin and is exposed on both sides to 
any action of the acid, but this has not 
been affected. Also no pit mark.^ are 
noted in any parts of the plate, except 
where the acid has eaten entirely, or almost 
entirely thioufih. as mentioned above. Pro- 
bably this peculiar action may be due to 
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Sample Q.— 6/6 anil 1 const rut-tii in o[ rope. lIluBtrjilinji; rui-rosifii »■ exprewed by '■ pitting " 
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Btham> Wibes from Sahfle Z. 
e portion ot the Btrnnd whioh shows ccirroBion wuBiiKainBt the core on the inaide of thr i«pr. On the 
wiree it is only on the inside where n.iTOiioii is tioliceiible. The middle wire is the core wii*- 
■ nd i» eilhiT nf low (train rtfel or iri ti. 
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Ihe fact that the plato was not honiojTeneous 
and contained . p lathes which are very high 
in carbon. 1* 

The water used in this boiler was taken 
from a well and was pure enough under 
ordinary conditions. During some heavy 
rains water which had run over the tailings 
heap got into the well and caused the 
trouble in a matter of eight weeks as the 
maximum time of action. 

Speaking generally, the amount of acid 
in the water of the various mines may be 
considered as greatest in the older outcrop 
mines and existing to a lesser degree in the 
first row of deep levels. Fortunately in 
sinking shafts and newly opened up deep 
levels there is practically no trouble from 
this source, but as these mines get more 
opened up, and there is a chance for the 
water to come into contact with the pyr- 
ites, we may expect to find the water very 
strongly acid. Unless we can find some 
method of keeping this water from the deep 
level ropes, or prevent its acting on them, 
we will experience considerable trouble in 
the future. At present no unfailing method 
of preventing acid action on wire ropes has 
been found, except that of kec^pmg the 
water from the ropes. This has been success- 
fully done in one or two mines and can 
be done in most of the incline shafts by 
paying particular attention to the boxes, 
and seeing that no water is dropping on the 
ropes, either from these or from the roof. 
This, no doubt, comes within the Province 
of the Mine Captain, but considering what 
might be saved, it would be a verv good 
thing for you as engineers, who are directly 
responsible for the ropes, to see that the 
Mine Captain gives this subject some atten- 
tion. 

The original intention of this paper was 
merely to show the amount of corrosion 
which had taken place on the wires in this 
strong acid mine water, but th(» subject is 
a very large onp and needs a great deal of 
study at the present time on account of the 
fact that acid seems to be 'affecting a 
greater number of ropes each year. The 
action also takes place now^ in some mines 
in which no acid has previously been ob- 
served. Before ending the paper it might 
I'.e well to give a few theories w^hich seem 
to be borne out by peculiar facts which 
have been noted. In the firet place 
whether the action of the acid on the steel 



causes a change in the character of the 
steel is a question which is still undeter- 
mined. There have been several instances 
where such appears to have been the case, 
and others have expressed their opinion to 
the writer that the wire might become 
brittle through the action of this mine 
water. That the character of cast iron is 
entirely changed by the action of the mine 
waters we know. Two samples marked 
*' I *' are shown to illustrate this point. 
Both pieces are of cast iron and have been 
acted upon by mine water here. One piece 
is taken from a pump in the Crown Deep, 
and it will be seen that while the form of 
the original piece is fairly well preserved, 
the character of the material has undergone 
a complete change. This piece has the 
appearance of being a piece of pure carbon 
and it can easily be cut with a knife. Look- 
ing at the section through a glass, it has 
the appearance of ordinary cast iron, except 
that it is discoloured in places and the 
structure is not quite so compact. 

The second piece marked ** I " shows a 
portion of the iron as it was originally with 
a layer of the material, which has been sub- 
jected to the acid, on top of this. The 
depth to which the acid has penetrated is 
marked by a well-defined line and the dif- 
ference in the structure of the material can 
be seen with an ordinary glass. 

The writer has knowledge of some pecu- 
liar changes in steel wMres in which no pit- 
ting or other evidences of corrosion are 
visible from the outside of the wire, but to 
no other explanation than an acid action 
can this change be attributed; Whether 
this is an acid action has not yet been 
proven, but if cast iron can be changed 
as above mentioned, it is quite possible 
that steel may be affected in the same way. 
I^n fortunately this matter is not in such 
a state that it can be presented in this 
paper. The writer has had the opportun- 
ity of viewing some very interesting photo- 
s^raphs of steel, but ii^ unfortunir^'^ly unable 
to show them here to-night. The photo- 
t^raphs were the longitudinal and sectional 
views of two wires when magnified 750 dia- 
meters. One wire was from the drum -end 
of a rope and the other from another por- 
tion, of the same rope which h'd h-^en -'ib- 
jected to wear, vibration and corrosion. The 
structure of the steel Wf"; ch^n^.H very 
materially in the photographs of the latter 
wire and a short description of the appear- 
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unee only will be attempted. Whether 
the change is due to the corrosion or to 
some other cause is at present unknown. 

The report by the expert who made the 
examination was to the effect that the 
'(hange was similar to the change which 
would take place if the wire had been 
heated red hot and suddenly cooled by 
})lunging in wat<^r. This would seem to 
indicate that the change was due rather to 
an acid action than to vibration or wear. 

The photograph of the wire taken longi- 
tudinally shows the lines fairly regular and 
straight. Some portions of the picture 
iare white and some black, each represent- 
ing different constituents in the steel. 
"These are fairly evenly distributed in the 
fjood piece. On the cross section the steel 
seems to be homogeneous with the black 
and white places evenly distributed. On the 
photographs of the parts affected by the 
corrosion and wear the appearance has en- 
tirely changed. In the longitudinal view 
the lines instead of being straight are very 
wavy. The whites and blacks of the pic- 
ture are massed in various places. 

In the cross section there is a distinct 
crater showing. It is very irregular and 
the particles of steel seem to be all pointed 
toward this crater. The ercmeral effect is 
also wavy in the cross section. 

As corrosion per sc is a subject more in 
the province of the chemist than the engin- 
eer, it is hoped that if any of our chemical 
friendfi are present to-night, they will give 
ais the benefit of their views on the subject. 

What is needed is some reliable method 
t)f preventing corrosion taking pla<;e in wire 
ropes, and if the discussion to-night should 
be the means of our discovering some such 
method, this paper will not have been in 
vain. 

The Prksident (Mr. A. C. Whittomk) : 
I think we all congratulate Mr. Thomas 
most heartily on the excellent paper he ha< 
presented to us. Of course, it is an open 
secret that these experiments were carried 
out with special reference to the Robinson 
Beep accident, but I hope none of the 
niembers will take advantage of this paper 
to make any particular reference to the 
trial in that case. There is no question 
that the corrosion of ropers is a subiect 
that will have to be gone into most min- 
utely in the near future. Personally, I 
have no experience of the corrosion of wire 



ropes, but to show that some of the outcrop 
mines are very much affected by the corro- 
sive action of the mine water, I have 
l)rought a sample oi a pipe which has only 
been in use about 30 days. The water has 
eaten right through it. It might be well 
in discussing the corrosion of ropes, there- 
fore, to devote a little attention to the cor- 
rosion of pipe lines, because I know in this 
instance the cost in two years renewing 
pipes destroyed by the acid water has 
amounted to somewhere between £5,000 
and £6,000. The cost in pipe lines might 
readily be more than the cost in ropes, and 
w^th the rising mains coming up the ad- 
joining compartment to where the ropes 
are, you might easily have a jet of water 
from a corroded main playing on the rope 
wliilst the latter was stationary. Mr. 
Thomas referred to the action of acid on 
cast iron. I remember one instance at 
home in the case of a tidal mill. The cast 
iron channels in which the sluice gates 
worked were at certain periods of the day 
immersed in salt water, and after about t«n 
years the iron was entirely changed to a 
substance resembling carbon. You could 
take a penknife and scrape a hole right 
through it as easily as through a black 
lead pencil 

Mr. J. R. Williams : I would like to 
refer to one or two points which Mr. 
Thomas raised to-night respecting the extra 
amount of carbon. I do not want to teach 
you elementary chemistry, but it is a well- 
known fact that if you have perfectly pure 
zinc and you attempt to dissolve it in sul- 
phuric acid of any strength you cannot do 
so without great difficulty. Bvit if you have 
a J per cent, of any impurity, such as lead 
or iron, it dissolves very freely and very 
readily. Therefore this, I think, accounti 
for Mr. Thomas' theory of the excess of 
carbon in the steel dissolving very readily. 
Take the case of the cast iron of which he 
showed us a specimen. This is, practically, 
piu*e graphite. Cast iron may contain up 
to 4J per cent, of graphite and only i per 
cent, of combined '^arbon. If vou have 4i 
per cent, of graphite mixed with the iron, 
you can well understand how you can get 
an electric couple which will easily ac- 
count for the diffeivnce in the solu- 
bility of the steel. Witli reference 
to the internal wear of the ropce, it 
it quit*' Dossible wuth a rope goinor down, 
say 1 .000ft. that it will be wet at the bot- 
tom, but in coming through the shaft there 
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ifi a possibility of a stream of water wotting 
the inside and not the outside. After long 
experience of the Rand I notice that the 
water at the junction of the free milling 
and pyritic ores has the most corrosive ac- 
tion of any water 1 have ever known. About 
1895 I was asked to investigate some water 
columns which were wearing out about 
f)i>ce a month. This was at a company 
which does not now exist — the Pioneer. 1 
suggested to the Manager that he should 
add 3 or 4 bags of lime per day to the water 
and he would never have any more trouble, 
and I know the column pipes lasted up to 
the war. It may seem to some people an 
extravagant measure to add lime to the 
water underground, but we should remem- 
ber that every gallon of water which is 
obtained from the mine, and is used for 
mining purposes, has to have lime added 
to it, and why not take the bull by the 
horns and add the lime at once at the very 
bottom of your shaft? By so doing I am 
convinced from one or two things that the 
renewal of your pipe columns, and the re- 
newal of your ropes, would not be anything 
like «o expensive as they are at present. 1 
simply offer the suggestion, and I hope in 
future discussions that you will bring the 
whole matter up and thrash it out thor- 
oughly. That pipe on the table reminds 
me of another peculiar proposition. There 
is a mine in Anglesea which has been work- 
ing since 1874, and I believe there has 
never been a miner underground, and yet 
they pay handsome dividends. My father 
put up a windmill for the purpose of pump- 
ing water. The sulphate of copper in the 
water corrodes the pipes, and every time 
they put in a new column for that pump 
they find more than enough copper in the 
old column to pay for three or four pipe 
lines. The tlieorv Mr. Thomas has used 

ft' 

with regard to the inside corrosion I think 
f)pens up quite a new era for the chemist, 
for the metallurgist, and principally for the 
engineer. 

Mr. Thomas : I would like to ask Mr. 
Williams whether he considers it is due to 
any impurities in the plough steel that it 
should show more effects of corrosion than 
the cnicible steel. 

Mr. Williams : T want to make myself 
as clear as possible. In the ordinary way, 
if a sample of any steel is sent to the chem- 
ist, he will analyse the percentage of iron 
and the percentage of carbon. Now that 
is quite wrong. lie dres not show the 



engineer wliat he requires. He should 
show the percentage of graphite present, 
that is, free carbon as against combined 
carbon. In Sir W^illiam Seaman's labora- 
tory we made some very cjareful tests iii- 
deedy and we were particularly careful 
about tKe difference between carl)on pres- 
ent as combined carbon and free carbon. If 
you have ^ piece of carbon present next to 
a piece of steel, you can well imderstand 
pitting taking place, 

Mr. Vaughan : I think Mr. Thomas' 
paper is a most valuable contribution. I 
fancy it is a contribution that can hardly 
be treated adequately in anythinj^ like a 
topical discussion. Before I start on a 
discussion I should like to know the chemi- 
cal analvsis of that water. Until I see 
that analysis I should be inclined to think 
that it may be possible to get very nearly 
the same effects with pure water. I really 
believe that if you suspend a. wire in pure 
water and you add the impact, that it may 
be possible to wear it away and eat it 
through by rapid rusting. That I think 
.rather explains why the wires were worn at 
the places where they were tied. There 
would be extra friction there. There would 
be a continual movement of the wire. You 
can put a piece of wire into mine water in 
a bottle and leave it there for months, and 
even with very corrosive mine water you 
will get practically no effect at all, except 
just at the water line near the neck of the 
bottle where you get the air. You can put 
Mr. Thomas' wire in a strong acid solution, 
10 per cent. say. and leave it there for a 
week, and it is quite possible, with even a 
little shaking occasionally, that it will not 
be eaten thmugh. So I am rather forced 
fo the conclusion that there is more than 
mere corrosion in this experiment, and I 
should like to see <'xperiments conducted to 
try to find out whether this is the case or 
not. I have met in my time some peculiar 
effects of corrosion. I have noticed the 
difference of corrosion in evaporators and in 
boilei-8. I have worked boilers up to 
30 degs. density of salt water, and was 
never troubled with corrosion there. I 
have worked boilers with distilled water, 
and provided you trent your boilers well nnd 
scrape the pits directly they begin forming, 
you will have very little trouble with corro- 
sion. I have never seen corrosion having the 
effect in a boiler that it has in an evanor- 
iitor, and I am forced to the conclusion that 
the excessive corrosion in an evaporator is 
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due to the swirling of the wat^r — the actual 
wear on the plates being increased thereby. 
Of course, we know that it does not require 
actual acid water to corrode iron. Pure 
water will corrode iron, and it will do it 
more so if you can put it in motion. The 
photographs Mr. Thomas refers to I have 
seen, and there is no mistake there are 
some very marked changes revealed in 
them. It is a very strong assertion to 
make tliat steel is porous to acid solution, 
and these changes in the state of the steel 
may be due to the alteration of the arrange- 
ment of the molecules, due to rapidly in- 
verted stresses. I look upon that as a more 
reasonable deduction. 

Mr. J. H. Williams: Mr. Vaughan has 
drawn my attention to an omission I have 
made. It is a well-known fact tliat if you get 
absolutely pure water, and add cyanide of 
potassium to it and put a piece of gold leaf 
in it, that the cyanide of potassium will 
dissolve the gold. It will not do it en- 
tirely by itself, it needs something more, 
which is the admission of oxygen. With 
regard to the wearing * away of these 
strands, I take it that these wires were 
not ontirelv under water. The water was 
falling over them, and under tliese circum- 
stances you would get very strong oxida- 
tion there. All these things are really very 
simple chemical propositions, but the paper 
is of such immense importance that I do 
not think it would be wise to attempt to 
thrash the matter out to-night, because it 
deserves the careful consideration of every 
engineer on the Rand. 

Mr. Mayhew : I am extremely glad that 
a chemist of the reputation of Mr. Williams 
should raise the question of oxidation. It 
i-; a point which has been considerably over- 
looked. The test was made by putting 
some wires in a solution of sulphuric acid. 
They were never interfered with by oxida- 
tion, and that is the reason they did not 
eat away in the time expected. ' The fact 
that ropes working here in acid water of 
extremely weak solution are. allowed to 
come to the surface and oxidise has, I 
think, a very great bearing on the corrosion 
of wires. I hope that Mr. Williams will 
bring this matter before his Association, so 
that those gentlemen can consider this 
great point — that why, since the war we 
find ropes eating away far more rapidly 
than before the war? We have found very 
many ropes corroded inteniallv, which are 



supposed never to be attacked by water atv 
. all. In an upcast sliaft we have the nit- 
rous fumes of dynamite coming from these 
shafts, and it is a very great point if these 
nitrous fumes do not attack the wires m- 
temally. The question of oxidation seems 
to have been considerably overlooked in all 
enquiries that have been made generally 
on the question of the corrosion of ropes, 
i can give one practical experience of wires 
left standing during the war. At the point 
where the water had risen and fallen in the 
shaft, there was nothing left of cert*iin 
wires (which were galvanized) except the 
hemp core, but below the point of oxidation 
the wires and the strands of the rope were 
still there. 

Prof. Prister : Allow me, ])lease, as a 
visitor, a few remarks on the very interest- 
ing paper of Mr. W. S. Thomas. 

I quite agree with Mr. J. H. Williams 
that the main cause of the rapid destruc- 
tion of the wire ropes is an oxidation pro- 
cess. The rope in moving up and down 
the shafts is exposed to all the necessary 
conditions required for starting and con- 
tinuing a rapid and energetic oxidation pro- 
cess of the wires, viz., (1) moisture, (2) 
temperature, (3) air, (4) a diluted solution 
of iron sulphate, (5) free sulphuric acid. 

In order to facilitate tlie understanding 
of the chemical process, which we will try 
to explain, let a drop of the acid mine water 
fall upon one wire. 

The free sulphuric acid, if any present, 
is neutralised by the iron of the wire, and 
we have here a rich solution of ferrous 
sulphate. 

Jn contact with the wire this ferrous salt 
becomes a basic salt, which in contact with 
the oxygen of the air is rapidly oxidised to 
a higher iron oxide. The acid and the fer- 
rous salt of the mine water made also a 
small wound, if we can speak so, on the 
surface of the wire. 

The next underlying molecuh* of iron of 
the wires comes in contact with this Iron 
oxide lying upon it; this molecule of metal- 
lic iron reduces this oxide, that means it 
takes some oxygen from the overlying drop 
and oxidises itself to a ferrous salt. The so 
reduced molecule of iron oxid^ of the sur- 
face, exposed as it is to the moist and hot 
atmosphere of the shaft, takes quickly oxy- 
gen from this air, so replacing that which it 
has given to the underlying molecule of 
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iron. This re-oxidised molecule of tho 
surface is yielding again oxygen to the 
underlying iron molecule which has been 
previously oxidised. This underlying mole- 
cule of iron oxide is now able to yield a 
molecule of oxygen to a now deeper lying 
molecule of iron. 

This process is continuous, and so the 
oxygen of the air is transported from one 
molecule of the surface to the central part 
of the wire. We see that one single drop 
of the acid mine water which has attacked 
one point of the surface of the wire can 
destroy the wire, without tho aid of more 
acid water, wanting only oxygen and 
moisture existing in the atmosphere of the 
^haft. 

The penetration aild progress of the oxi- 
dising process is further facilitated by the 
spongy condition in which the surface of 
the wire is transformed by the process 
itself. First of all the volume of the wire 
IS increased, as a molecule of steel, when 
oxidised to a ferrous or ferric salt, occupies 
a larger volume by the increased matter 
(iron plus oxygen). As a consequence of 
the increased volume, the surface becomes 
puffy, and so a larger surface exposed to the 
action of the air. The other elements of 
the steel which are not attacked by the 
oxygen, viz., the carbon existing there in a 
graphitic state, are gradually raised to the 
surface and expelled, so leaving a hole, and 
also increasing the surface of the wire ex- 
posed to the oxidation of the air. 



When a drop of this acid mine water is 
falling upon one of the external wires form- 
ing the rope, the oxidation process as de- 
scribed is disturbed by the friction of the 
I'ope when passing the different wheels, 
winding drums, etc. Here the wire is 
undergoing a kind of cleaning process, the 
oxidised surface is rubbed off, and so the 
-oxidising process is retarded and prevented 
fmm penetrating to the central part of the 
wire. The internal wires of the rope on 
the contrary are not exposed to such a fric- 
tion, the surface of the wire is not cleaned 
from time to time, therefore the oxidation 
process when once started on the surface 
can go on undinturbed till the rope iis de- 
stroyed. 

This explains, I think, why Mr. Thomas 
found the internal wires more corroded 
than the externals. The externals were 
mostlv affected bv the corrosive action of 



the acid water, only a slow dissolving pro- 
cess, when on the contrary the internal 
wires were exposed to the corrosive action 
of the water, plus the undisturbed oxidising 
process, leaving for the moment unconsid- 
ered the better protection that the externa! 
wires may have had from the tarring of the 
rope. 

One of the foregoing speakers called your 
attention to the influence that the bad 
fumes of the dynamite used in the mine 
may have upon the rope. 

I quite agree wtih him that in reality 
they may start and facilitate this oxidation 
process under discussion. Not all the 
dynamite employed in the mine is exploded 
regularly to carbonic acid, water and nitro- 
gen; a part of it by some cause or other 
may only bum, and consequently produce 
a large quantity of bad fumes, containing 
oxides of nitrogen. The largest part of 
those bad fumes is retained in the mine by 
its moisture, but a fraction is certainly 
brought up the shaft, mixed with the mine 
atmosphere. The oxides of nitrogen are 
very active oxidisers, and the smallest 
quantity is sufficient for helping to initiate 
the destructive oxidation process we de- 
scribed. 

We see from this that for preserving 
the wire ropes from corrosion we must fight 
principally two enemies : (1) the oxidation 
process, and (2) the dissolving action of the 
free acid that may exist in the mine water. 

In order to prevent the starting of the 
oxidation process we must cover the wire 
ropes with something resisting to the action 
of the oxygen, moisture and temperature 
existing in the shaft. From the metals at 
our disposal the zinc is the cheapest. 

Galvanized iron ropes will certainly last 
longer than ordinary steel ropes. It is 
evident that this thin zinc sheet we put on 
iron by galvanization cannot last for et-er- 
iiity, and cannot stand the attacks of the 
tree acid of the mine water. 

As soon as the protective cover is de- 
stroyed on- a point of the wire by 
a blow, a kitk, or other mechanical 
causes, the oxidation process will start on 
this point and destroy the wire rapidly. 

The oxidation process on a galvanized 
wire will proceed, when once started, much 
quicker than on an ungalvanized wire, in 
consequence of the galvanic couple which 
is here actively formed by the covering zinc 
and the underlying iron. 
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Let us have a look on one point of a gal- 
vanized wire which has been wounded by a 
blow, and so the protective zinc exposed. 

The above described oxidation process 
will soon start on this point and- will be 
accelerated as we said by the galvanic ac- 
tion of the couple formed by the zinc cover- 
ing, the rest of the wire lying in contact 
with the neighbouring healthy iron mole- 
cules. We know that zinc and iron are 
forming a very strong electrical couple 
when plunged in diluted sulphuric acid, or 
in a solution of ferrous salt, or in simple 
contact with moist iron oxides, as we have 
it here. 

The oxidation process started on one 
point of the surface will continue under the 
protective zinc cover as the oxygen is 
transferred from one iron molecule to the 
other as described. The volume of thq 
wire increases in consequence of the ab- 
sorbed oxygen, the zinc cover is raised and 
probably will fall away, so exposing a 
larger part of the wire unprotected to the 
attacks of the mine water and air. 

Around the wounded wire gradually a 
ring of oxidised iron is formed and the 
wire will break clean off by bending, as only 
the central part of the wire may be healthy. 
This process explains also why one of the 
speakers found a rope hanging in a shaft 
during the war relatively preserved in its 
parts plunged in the mine water, when on 
the contrary the part hanging free in the 
shaft was much more corroded. 

We have seen that the mine water con- 
tains a large quantity of ferrous sulphate. 
This salt is very avidious of oxygen. Every 
molecule of oxygen that may have been dis- 
solved in the mine water is fixed by this 
ferrous sulphate, and no free oxygen re- 
mains for oxidising the rope, therefore the 
action of the mine water on the rope is rela- 
tively slow, as it is att-acked only by the 
free sulphuric acid. The part of the rope 
exposed to the action of the hot moist 
atmosphere of the shaft was rapidly oxi- 
dised. 

In conclusion, we mav sav that for the 
moment the best method known for pro- 
tecting wire ropes from the corrosive action 
of the mine water and mine atmosphere 
is to use galvanized wires, or, better, a 
cover of neutral and well-distributed tar. 

We see also that the ropes must be 
handled with care, as every break or wound 
of the protective zinc cover may become a 
centre of oxidation and rnpid destruction 



of the wire. The galvanizing process must 
be done with the greatest care, so that the 
zinc should cover the wire without inter- 
ruption. 

The same idea must be considered when 
tarring a rope, as we have seen that to tar 
the surface wires and leave the internals 
unprotected does not help much. 

Mr. Williams : I regret that during the 
war the contents of my laboratory in Sim- 
monds Street were completely destroyed. 
I know that the . analysis of that water 
showed about 120 grains of SO, per gallon. 
It was a well-known fact that the water of 
Loch Katrine is the purest in the world, 
and yet it is positively a fact that if you 
use that water on a new boiler it has a 
bigger corrosive effect than any other water 
in the world. When a boiler is started in 
Glasgow they use bad water at tiie com- 
mencement, and then use Loch Katrine 
water, and it does well for many years. 
1 think the reason for that is the water 
being so pure it contains more oxygen than 
impure water, and it bears out what my 
friend Prof. Prister hag said, that it is 
simply a question of oxidation. 

Mr. Berry: At the Catlin Shaft, about 
3,600ft. deep, when we started to un water 
the shaft after the war the water was 
4(X)ft. from the surface. The bell lines, 
which were galvanized, had been left hang- 
ing in the shaft since the war started. 
About 200ft. from the surface there was a 
stream of water coming in there — spring 
water. It never affected the boilers. In 
drawing this bell line to the surface the 
rope was very pliable, and there was no 
rust for about 800ft. where the rust 
first commenced. At 1,500ft. down the 
shaft there was another spring coming in, 
which was a different kind of water. As 
we approached this depth on bending the 
rope all the wires broke short. Yet all the 
wire was there -and the galvanizing was 
there. We kept on winding up the wire, 
and when we got within 300 or 400ft. from 
the bottom the wire was good again, and 
very pliable, but covered with slime or 
mud, which had no doubt prevented the 
acids attacking it. From this I think 
it is clear that galvanized wire will stand 
in good water. With regard to the sample 
which Mr. Thomas produced, where he 
says the internal corrosion was somewhat 
I surprising, I would like to ask him under 
j what condition the rope was working? Was 
it a vertical shaft or an incline shaft? 
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Mr. Thomas: It was incline and vertical 
both. 

Mr. Beruy : In the case of a sinking 
shaft, when the bucket gets free from the 
runners the ropes spin a lot and open them- 
selves out, and allow the water to get in 
and start corrosion. Mr. Williams* sug- 
gestion about putting lime in is very inter- 
esting. I am up against a little trouble in 
the property where I am at present, owing 
to the pipes on the surface choking up with 
lime scale on the return water pumps. 1 
think it is quite possible we would have the 
same trouble in the mine. 

The President : With reference to Mr. 
Berry's last remark about lime choking up 
pipes, I know of one mine they tried adding 
Hme imdei^round and they had the same 
trouble as Mr. Berry mentions. They had 
a good many thousand feet of small pipes 
choked up, and they came to the conclu- 
sion that it was just as bad to choke their 
pipes up as to have them corroded away. 

Mr. Mayhbw : Might I ask Mr. Berry if 
he found the galvanizing on the wire intact 
where he found tihe wire brittle? 

Mr. Berry : The galvanizing was present 
when the rope came out. Of course, after 
it lay there a number of weeks that part 
which broke so easily rapidly corroded, but 
the part which was phable is still tliere 
with all the galvanizing on it. 

Mr. Mayhbw : You found the wires abso- 
lutely brittle inside, and yet the galvaniz- 
ing was quite intact. There was no pitt- 
ing in the galvanizing. I would have sus- 
pected that the galvanizing would have dis- 
appeared from these wires. 

Mr. Williams: Was it very low carbon 
steel ? 

Mr. Bkrry: 1 cannot give you any de- 
tails as regards that. ^ Perhaps Mr. May- 
hew can give the inf orrnation , as tihe rope 
lit that time for bell lines was mostly 
Cradock's. 

Mr. Mayhew : I may tell you that all 
these bell wires are made of common Bes- 
semer steel. 

Mr. Williams: I really think this is a 
very important question, and I hope you 
are not going to peremptorily close the dis- 
cussion. 



Mr. DocHARTY : I think it would be a 
great pity to close this discussion to-night. 
We have had some very valuable informa- 
tion brought before us. One point which 
struck me particularly was with reference 
to certain ropes, the wirfes of which showed 
very little appreciable wear, but under the 
microscope the structure of the steel, as 
exhibited by the broken ends, was proved 
to vary considerably iit -different points in 
the same wire. I Ihave had an unique ex- 
perience in this direction during the last 
few years. This is with regard to the rope 
used on a Whiting hoist at the mine where 
I now am. We have been unable up to 
the present time to get the rope to last 
longer than 4^ months. While that rope 
starts with a factor of safety of about 8, the 
remarkable feature is that for about the first 
four months the amount of deterioration 
with regard to the wear of the rope is al- 
most infinitesimal. I may say that several 
ropes we had on there did not show a 
broken wire for the first four months. On 
making the usual weekly examination aft-er 
the rope had been on four months, we 
found six broken threads, but they were all 
so far apart, so isolated, that we did not 
take any notice of it. 

On the following Sunday we examined 
the rope again, and we found 26 broken 
wires. This is within one week, 20 wires 
broken. The i-ope was not used for hoisting 
men, and wc left it on for another week. 
Before taking the rope off we examined it 
and found not less tihan 68 broken wires. 
The point that struck me about this was 
that there must be some action going on 
in that rope which the rope is able to 
stand up to a certuin point, and when that 
point is reached it begina to rapidly dete- 
riorate. This is not the only case. We have 
had about six ropes, some from different 
makers, and they have all gone in the same 
manner. It seems to me there may be 
something in the fact of the great difi&oulty 
of manufacturing steel which is absolutely 
homogeneous. It may be that the free 
grapihite gets into selected places in the 
wire during the process of the drawing of 
the wire, and that in time causes the roi)e 
to break. It is peculiar that these par- 
ticular ropes should all last the same length 
of time before showing wear, and all be 
gin to deteriorate rapidly after that time ha.^ 
been passed. With reference to another 
matter Mr. Thomas has spoken of— the 
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iiction of acid water on cast iron — I had a 
remarkable experience with this, which 
might be held up as a warning to all of us. 
On examining our station pumps scnne time j 
ago, I found that on the plungers of the j 
pumps a slhoulder had formed at the top 
and bottom of the stroke. I took the size 
at or near the centre of the plunger and 
Imd neck and gland bushes cast' and 
machined up approximately to the size, 
with the object of having as short a. shut 
down as possible. In putting these plungers 
in the lathe, instead of them cleaning up as 
1 anticipated, they cleaned up J in. smaller. 
The corrosion had eaten so much into the 
iron that we had to cut this J in. off, and 
this notwithstanding the fact that the sur> 
face looked as if the plungers had not cor- 
roded at all. There is another matter Mr. 
Williams has raised, with reference to 
putting lime in the mine water. I was 
rather interested in this, as some time ago 
1 strenuously advocated the addition of 
lime to mine water at the City and Subur- 
ban, but I neglected the point Mr. Berry 
has raised with reference to the silting up 
of the pipes. We get 250 lbs. static pres- 
sure on each of our pumps, and a 6 in. pipe 
at or near the pump barrels will silt up to 
1 J in. to 2 in. bore in three or four months, 
and that without adding any hme to the 
water at all. The silt forms an artificial 
.^tone, which has to be cut out wibb a 
sledge hammer and chisel, so I think the 
addition of lime to the water is not feasible 
unless vei-y carefully looked after. 

Mr. Johnson : Mr. Docharty has given 
us the case of a rope lasting only 4^ months. 
What is the number of bends that rope 
makes per trip? With reference to lime 
silting up the pipes, I thought that was due 
principally to the super-saturation of water 
with Ihne. W'hen Mr. Williams added feed- 
ing lime into the mine water, he advocated 
only such a small addition as would neutral- 
ise the acid. 

Mil. Docharty : The rope takes about 
ten bends altogetf.ier. 1 have thought my- 
self that it is just possible that the strain 
of the wire is worked up from probably 10() 
tons breaking strain to 150 or 100 tons, and j 
this point is reached after three or four 
mouths, and that is probably the reason the | 
wire deteriorates so rapidly after that time. 

Mr. Mayhew : At the collar of the shaft 
there is a very small pulley, which has a 



very big bend, and the friction caused by 
that small pulley will account for a good 
deal of the wear and breaking up of the 
wires on that rope. 

Mu. Dochaiity : The particular rope I 
am referring to ran on the larger pulleys, 
and the most remarkable feature is tihat the 
broken wires on this rope are practically 
the same size as they were originally. They 
are scarcely worn at all, and yet they are 
broken clean through, showing, I think, 
that the strain on the wire is rapidly worked 
up. 

Mr. Mayhew : I quite agree with Mr. 
Docharty that the wire is worked up to a 
very high breaking strain, till it comes to 
a particular point. 

The President : With reference to keep- 
ing this paper open for discussion, I think 
you will agree with me that we cannot 
do so. W'e asked ^Ir. Thomas to give 
us these special tests because they 
were of such great interest and im- 
portance to every member of the engin- 
eering profession. In about two months' 
time Mr. Vaughan is reading a paper on 
the deterioration of wire ropes, which will 
open up the question in all directions and 
afford ample scope for discussion. In the 
meantime, the subject having been started, 
our members will no doubt collect a large 
amount of data before the paper is read and 
give us the benefit of their experience. 

REPLY (communicated). 

Mr. W. S. Thomas : I feel sure that you 
will all join with me in thanking our visitors 
and members who have given us such an 
interesting discussion on the subject of 

Corrosion ni Wire Ropes." 
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The question of con'osion in pipes has 
been mentioned as a kindred subject, and 
possibly this is one wliicli gives the engin- 
eer more trouble than tine corrosion in 
ropes, though in most cases it is less 
serious, except when* there is a chance of 
a jet of acid water being projected on the 
rope, as mentioned by ilr. Whittome. It 
might be of interest to know that in the 
Copper Mines of Hutte City, Mont., where 
tliey pump water containing sulphate of 
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copper, they had great trouble with the 
pipes until the simple expedient of lining 
the pipes with wood was suggested. This 
wood lining was put in the. pipes the same 
way as the staves of a barrel with lead 
gaskets at the points where tihe pipes were 
joined. When the water was put in, the 
wood swelled and became water-tight, thus 
preventing the acid water from getting at 
the pipes. This was found to overcome the 
trouble almost entirely, and it mght be 
effective in many cases here. 

The peculiar action of the water on the 
galvanized bell-wire, noted by Mr. Betry, 
would seem to confirm the theory that the 
structure of a steel wire may be changed 
without any of the usual signs of corrosion 
being shown on the surface. 

There is no doubt that the water of tilie 
(.'rown Reef has a greater corrosive action 
than would be due to the same percentage 
of free sulphuric acid in other water, and 
it perhaps has a greater action than even a 
10 per cent, solution of sulphuric acid. 

Some time ago the experiment was made 
of putting wires which were coated with a 
special acid-resisting coating in the Crown 
Reef water. The coating had been sub- 
jected to a solution of sulphuric acid with- 
out affecting it, but in this water it lasted 
no longer than an ordinary uncoated wire 
of the same size. Mr. C. J. Price, who was 
manager of the CrowTi Deep at the time, 
said that acid-proof coverings were never 
effective in tihis water. He had tried coated 
steels which had actually been brought out 
to the mine in a solution of sulphuric acid, 
and they had failed to stand in the water. 
It is unfortunate that the analysis of the 
water cannot be obtained just now, or it 
might be possible to form some theory as 
to the particular constituents which cause 
this rapid action. The oxidation theory as 
brought forward by Prof. Prister, Mr. 
Wilhams and Mr. Mayhew, may be the 
cause of the greater action noted. The 
searing action of the water due to the fall, 
as mentioned by Mr. Vaughan, would not 
seem to wfnolly account for it, because in 
that case any mine water falling on a plate 
would cause* the plate to rapidly deterior- 
ate. There are many instances of mine 
water faUing against plates or pieces of 
steel in other mines, and these often remain 
unchanged for years. The oxidation theory 
<-()uld be made*^ to account for the greater 



reduction in diameter of the wires just at 
the point where the string was tied. The 
string was fairly thick and the water fall- 
ing over the knots would cause an air- 
space to be formed just behind the knots. 
You will note that in most of the wires 
greater reduction is noticeable on one side 
where the string is attached than on the 
other. The strings were tied near to tihe 
middle of the wires in each case, but it ift 
quite possible that the wires would hanj; 
with one end down and the other up during 
the whole lime they were in the water. The 
air-space formed behind the knot and at 
the points w^here the wires were bent would 
allow the oxidation to take place more 
rapidly than at other points. 

There is no doubt that if the water at 
Mr. Docharty's mine (the City and Subur- 
ban) were to get on the ropes it would have^ 
a very bad effect, but the effects noted by 
him in the Whiting Hoist ropes are pro- 
bably due to other causes than corrosion. 
The increase in strain of the wire due Ut 
friction and shocks, as mentioned by Mr. 
Docharty, is more likely the cause than a 
corrosive action. I am very pleased to 
learn that Prof. Prister so strongly recom- 
mends galvanizino: as a prot^cfon atiainst 
con-osion. Speaking generally there is no 
reason why the zinc coating should bo 
chipped or broken off in the parts of the 
wires not subjected to wear. In the smalt 
places where for any reason tfiie zinc coat- 
ing is chipped off, the grease will in all prob- 
ability protect the wire at those pointff. On 
the outer wires the wear will soon remove 
all the zinc coating, but according to Prof. 
Prister's theory the oxidation process will 
not take place where the rope is subjected 
to friction. 

It is certainly worth while to try some 
galvanized ropes here in places wl»ei-e the 
water is bad. I am inclined to think that 
they wnll prove successful. 

I.et us hope that the subject of corrosion 
will not be allowed to rest here, but th^n 
' every possible precaution will be taken to 
prevent corrosion of ropes taking place on 
these fields. 



Extract from " Gliickaufr Aug. Ut , 1(>03. 
ROPE STATISTICS. 

Ever since 1872 a careful record of n^n^^ 
used for hoisting purposes in mines has 
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beeu 


kept 


in the Dortmund 


District, Ger- 


many 


, and Table No 


. 1 gives the number of 


ropes 


under record. 










Table No. 1. 






**^ 


Fl\t Ropes. 


CrLINDRICAL 

Ropes. 


o 


Year. 


® 5 

59 


1 

02 


Wrought 
Iron. 


• 

9 


* 
B 


1 • 

*© 
© 

■♦a 


Wrought. 
Iron. 


Q 

H 
114 


1872 


1 


28 


1 


6 


69 


1873 


76 


1 ; 26 


9 


— 


23 


97 


156 


1874 


92 


4 1 30 


14 




42 


106 


198 


1875 


97 


8 23 


5 


4 


74 


112 


226 


1870 


91 


11 11 


6 


i 


85 


103 


217 


1877 


85 


17 10 


3 


- 81 


67 


178 1 


1878 


90 


28 .? 


5 


- 102 


64 


202 1 


1879 


78 


23 3 


3 


— 99 


44 


172' 


1880 


79 


19 2 


8 


— 


106 


35 


170 1 


1881 


76 


20 6 


1 




97 


41 


165 


1882 


89 


25 4 


4 


— 126 


.35 


194 


1883 


85 


20 : 1 


4 


— ( 138 


24 


187 


1884 


85 


30 


3 


- 1 139 


18 


190 


1885 


86 


37 


5 


- ! 163 


2<J 


231 


1886 


95 


33 


3 


— 1 161 


7 


204 


1887 


91 


32 


4 


— 1 156 


9 


201 


1888 


101 


45 


1 


_ 


201 


2 


249 


1889 


99 


48 -- 


3 




181 


7 


239 


1890 


96 


45 


2 




196 


3 


246 


1891 


111 


46 - 


2 


- 1 229 


7 


284 


1892 


96 


52 - 


1 


- 1 210 


1 


264 


1893 


106 


47 


2 


- 233 


1 


283 


1894 


101 


5t - 


— 


- i 231 


1 


286 


1895 


110 


51 


- 


- 226 


2 


279 


1896 


105 


39 — 


— 


— 231 


- - 


270 


1897 


107 


37 


— 


- 262 


; 299 


1898 


116 


53 — 


— 


— 1 316 


369 


1899 


114 


:)5 


— 


- 353 


— 


388 


1900 


121 


54 1 — 




— ' .360 


— 


414 


1901 


130 


41 1 — 




— 421 




462 


1902 


126 


40 ; - 




— 408 


- 448 


Total 


_ 1 

1 


996 


147 


97 


8 i 5656 

1 i 


881 785 



Of these 7,785 ropes 281 broke suddenly 
during work, as shown on Table No. 2. 

Table No. 2. 







00 

© o . 


• 




• « 


^M >* 


Pereentag 
of the Tota 


Material . 


Total No 
Ropes 


No. of Re 
that bro 
suddenl 


1 Steel 


996 


51 


512 


1 Wrought 








Flat ...■{ ir(»n 


147 


19 


12-93 


1 Manilla ... 


97 


7 


7-22 


'Hemp 


8 






/Steel 
Cylin'Jrical * Wroucbt 
I iron 


5656 


99 


l-7o 








881 


105 


11-95 



The total breakages are distributed over 
the 31 years under review, as may be eeen 
from Table No. 3. 

T.\BLE No. 3. 



Year. 



1872 
1873 
1874 
1875 
1876 
1877 
1878 
1879 
1880 
1881 
1882 
1883 
1884 
1885 
1886 
1887 
1888 
1889 
1890 
1891 
1892 
1893 
1894 
1895 
1896 
1897 
1898 
1899 
1900 
1901 
1902 



Total Ropes 
taken off. 



114 
156 
198 
226 
217 
178 
202 
172 
170 
165 
194 
187 
190 
231 
204 
201 
249 
239 
246 
284 
264 
283 
286 
279 
270 
299 
.369 
388 
414 
462 
448 



Number of 

Ropes that 

suddenly broke. 



22 

22 

19 

19 

15 

16 

19 

9 

8 

8 

15 

8 

6 

7 

5 

3 

9 

6 

5 

12 

5 

3 

4 

5 

«» 

o 

4 

2 
•> 

6 
5 



Percentai^e 
Total. ' 



19-30 
1410 
9-60 
8-41 
6-91 
8-99 
9-41 
5-23 
4-71 



4 

7 
4 
3 
3 
2 
1 



•85 
73 
•28 
16 
•03 
•45 
•49 
3-61 
2-51 
2 03 
4-23 
1-89 
l-0(i 
1-40 
1-79 
1-85 
1-34 
0,54 
0-52 
1 -45 
108 
1-79 



It will be seen from Table No. 3 that the 
percentage of breakages has been steadily 
decreasing from 19*3 per cent, in 1872 to 
1'79 per cent, in 1902, this pointing to 
l)etter materials «nd better design. 

Tables 4 and 5 fully show the life and the 
work done fey most of the ropes taken off 
the engines during the years 1901 and 1902, 
but it is to be regretted that the diametei^ 
of the ropes are not given, for, although 
the cylindrical ropes show a greater amount 
of work done than the flat ropes, this may 
be due to less work for a given section. 
Kov/evor, there can be no doubt the 
cylindrical ropes beat flat ropes easily in the 
matter of life, Table 4 showing that not 
one single flat rope was used for more than 
800 diays, while some round ropes show a 
life of 1,600 davs and over. 
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Table No. 4. 





Type of Rope 


ft 


Life of liope in 
Days. 


Flat Ropes. 


Round 


Ropes 




1901. 


1902. 


1901. 
62 


1902. 


Oto 200 


20 


17 


62 


200 to 400 


12 


16 


130 


128 


400 to HOO 




2 


85 


84 


600 to 800 


2 


5 


63 


68 


800 fo 1,000 






45 


21 


1,000 to 1,200 


— 




13 


19 


1.200 to 1,400 






6 


5 


1,400 to 1,600 


— 




4 


4 


Over 1,600 




40 


3 


1 


To^aI No. of Ropes . . . 


41 


401 


392 



Table No. 5. 



Type of Rope. 



Work done during 


f 








life of Rope in 


Flat Ropes. 


Round 


Ropes 


Ton Miles. 










1901. 


1902. 


1901. 


1902. 


Oto 15,300 


17 


17 


HI 


106 


15,300 to 30,600 


9 


8 


60 


79 


30,600 to 45,900 


2- 


4 


65 


48 


46,900 fo 61,200 . 


5 


2 


46 


39 


61,200 to 91,800 


1 


2 


51 


51 


91,800 to 122,400 





1 


20 


33 


122,400 to 183,600 




4 


21 


12 


183,600 to 244,800 


■ • > 





5 


7 


244,800 to 306,000 


■ ■ 




5 


4 


Over 306,000 ... 


• • 

30 


38 


4 

388 


5 

• 


Total No. of Ropes 


384 



Table No. 6 f^ives the life and the work 
done by Koepe hoi«t ropes. 



Table No. 6. 



No. 



1 
2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
2(J 
27 
28 
29 
30 
31 
32 
33 
34 
35 
30 
37 
38 
39 
40 
41 



Name of Mine. 



I 



Germania 1. 
Germania IT. ... 
Germania IT. ... 
Germania IT. ... 
Zollem I. 
Hanover IT. 
Shamrock 
Reck1in^hau«e^ 
Centrum I. 

Ernestine II 

Graf Schwerin ... 
Hansa II. 
Ver. President 
Centrum I. 

Elbe III 

Ewald II 

Ewald II 

Ewald IV 

Lothringen I 

Consolidation lY. 
Hercules 
Concorda II. 
Konigsborn III. 
Konigsborn III. 
Schlagel and Eisen I . 
Schlagel and Eiscn V. 
Schlagel and Fascn V. 
Schlagel and Eisen 
Consoiiaation IV. 
Hibernia II. 
Wilhelmine 
Centrum IV. ... 
Neu Essen 
Konig Wilhelni 
Mont Cenis I. -w.. 
Mont Cenis II. 
Mont Cenis 

Ewald III 

Fredrich de Grosse 
J. Doimelsber^ 
Prosper II 



Life 

in 

Days. 



425 
95 
138 
155 
735 
399 
284 
315 
185 
252 
364 
280 
388 
165 
472 
.723 
319 
917 
370 
749 
512 
354 
364 
364 
476 
219 
153 
46 
725 
464 
721 
567 
430 
336 
240 
719 
589 
359 
262 
295 
287 



Work done 
in 
Ton Miles. 



Reason for Removal. 



31,400 

9,700 

13.100 

15.700 

133,500 

102.000 

158,000 

61.200 

24,800 

33,500 

144.500 

23,000 

78,500 

19,800 

235,000 

243,500 

91,500 

51,500 

114,000 

169,000 

57,200 

77,000 

40,300 

60,400 

100,000 

20,200 

12,100 

4,050 

199,000 

71,200 

152,500 

7,100 

67.000 

118,500 

57,500 

62,500 

120,000 

120,000 

21,500 

40.000 

118,500 



Not safe for man hoisting 

Wear of Wires 

Wear of wires 

Wear of wires 

Certificate expired 

Several wires broke 

Several wires broke 

Several wires broke 

Excessive wear 

Not safe 

Several wires broke 

Not safe 

CertiBcate expired 

Excessive wear 

Excessive wear 

Excessive wear 

Tackle broke 

Rope too short for deeper level 

Several wires broke 

Certificates expired 

Several wires broke 

Rope toor light for increased load 

Rope deformed 

Rope badly deformed 

Several wires broke 

Rope deformed and wires broken 

Several wires broke 

Work stopped 

Certificate expired 

Wear due to swaying in shaft 

Certificate expired 

Two wires broke 

Several wires broke 

Several wires broke 

Several wires broke 

Certificate expired 

Rope to be used as tail rope 

Rope damaged 

Rope broke 

Rope too short for deeper level 

Several wires broke 
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Table No. 1 is very instructive, ina»much 
as it shows plainly how the number of steel 
ix)pes increased year by year up to 1895, 
when all other materials finally disappeared, 
wrought iron being the last to go. So far 
crucible steel has maintained its position, 
but it is fair to assume that it will also 
be displaced by materials of greater tensile 
strength, as we already feel the ill effect 
of the deadweight due to the ropes for the 
deeper shafts now in course of construction 
or already proposed for the deep level mines 
on the Rand. 

With regard to Table No. 5, we must 
explain that the odd amounts of ton miles 
are due to the conversion from metrical 
measure, the units used in the original 
mkg. (metre kilogrammes). 

In Table 6 will be found several ropes 
which were removed owing to the certificate 
expiring, and with reference to these time- 
expired ropes we must state that the usual 
practice in the district under review is to 
licence ropes for two years, or, say, 700 
working days only, and if the rope is to be 
used after that time it has to be inspected, 
and if found in good condition an extension 
may be granted. 

During 1902 eight ropes broke suddenly,, 
of which only one was a flat rope, and, as 
regards the causes of breaking, in two cases 
no explanation can be found, whilst in one 
ease the rope broke owing to the shaft 
falling in. In another instance the rope 
broke after the loaded cage had been lifted 
for about 10 ft., breaking, evidently, 
through tioo heavy strains diu-ing the 
acceleration period, and another rope broke 
owing to a coil slipping on the drum. A 
further breakage is accounted for by over- 
winding — Gliichauff August 1st, 1903. 



From the Proceedings of the South African 

Association of Engineers. 

Vol. IX.— 190"3-4. 



" AN INVESTiaATTON REGARDING 
THE EFFECT OF KINETIC SHOCKS 
ON WINDING ROPES IN VERTICAL 

SHAFTS. '^ 



By Mr. J. A. Vaughan (Member). 

Mr. David Gilmour, President, in the chair. 

In the regulations governing mining 
©Iterations in many countnes there occur 



stipulations with regard to tlie strength of 
the wire ropes used for the raising and 
lowering of persons. The stipulation in 
several oases takes the form of a compul- 
sory minimum relation between the break- 
ing load of the rope and the maximum load 
that it is required to support. 

In estimating the maximum load that a 
winding rope has to carry in the case of a 
vertical shaft it has been the custom to 
add together the weight of skip or cage with 
fittings, the weight of maximum load of 
persons, and the weight of rope of length 
equal to the distance from the headgear 
sheave to the bottom of the shaft. The 
sum of these weights, considering statical 
conditions only, is the maximum load that 
the rope has to support, and in the working 
life of the rope its condition must not bo- 
allowed to deteriorate to such an extent as 
to lower its breaking load to less thkn a 
certain multiple of this amount. This 
multiple commonly known as the ** factor 
of safety,*' of the rope, is fixed at 6, or some 
higher figure. 

If W denote the weight of cage, fittings 

and load (in tons of 2,000. lb..) 

L denote the maximum depth of 
m ' 

winding (in feet) - 

a denote the sectional area of wires 
in the rope (in sq. in.), the maxi- 
mum statical load on the rope 
will be : — 

/this accounts for\ 

weight of rope by 

allowing 41bs. per 

,ft. persq.in. wire , 

^section. / 

At a ** factor of safetv '* of 6, the reserve 
of strength in the rope will be 



W =W 

m s 



L a 

+ m 



tons 



500 



5W -/5W + m 
mis 



L a \ 
100 / 



tons. 



It is noticeable that this reserve of 

strength increases with L ■. and, in the 

m 

case of a deep-level mine, the initial reserve 
of strength to secure this minimum reserve 
during the life of the rope becomes so large 
that single stage winding with parallel ropes 
borders on the impracticable. This reserve 
of strength also increases with a, so that 
for a larger rope a greater reserve is re- 
quired. 
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The ultimate strength of the steel u-^d in 
the conetniction of a rope for a definite 
load will vary inversely as a so that a rope 
of higher grade of steel is permitted to carry 
a lower reserve of strength. 

Imogiu^lPg /for a moment that s^miilar 
loads of (say) 7 tons each — consisting of 
6,000 lbs. conveyance and 8,000 lbs. con- 
tents — ^have to be hoisted from two shaits, 
one of 1,500 and the other of 6,000 ft. in 
depth. Supposing the ropes used in these 
two instances are of the same grade of steel 
(120 tons per sq. in.), then, if they are 
compared at a time when they each have 
the minianum factor of safety of 6, it will 
be found that the reserve of strength in the 
case of the 6,000 ft. rope is approximately 
2 J times that existing in the 1,500 it. rope. 
The latter, when the full skip is at the 
bottom of the shaft, will be loaded to within 
(say) 45 tons of its breaking load, while the 
former retains a margin of about 110 tons. 
The comparison is shown in Diagram A, as 
is also the variation of the factor of safeiv 

ft/ 

during the two hoists. 

To consider this subject at better advan- 
tage it is necessary to discover what various 
contingencies this minimum reserve of 
strength is designed to meet; and, to clear 
the way, it may be observed that it is 
evidently not prescribed as a provision 
against the deterioration due to work and 
working conditions, for winding ropes arc 
expected always to possess while in use 
this minimum reserve. It certainly ensures 
provision for unknown faults in the material 
or construction of the rope, but for this 
purpose, with rope of good manufacture and 
tested by sample, a standing minimum re- 
serve of strength for all depths would 
suffice, especially so if periodical tests were 
conducted of the whole rope to (say) double 
the statical loadint;, and the elon^^ation 
carefully noted. 

A very necessary provison is also evi- 
dently intended to cover the extra stress 
due to the rope being bent over sheaves 
and drums. This being so, and this subject 
liavang recently been so thoroughly and 
ably treated by Professor J. Hrabak in his 
treatise ** Die Drahtseile," we are now in a 
better position than before to assign a 
proper reserve of strength for each particu- 
lar case, taking account of the ratio D/d 
fwhcre D is the diameter of the sheave or 
drum and d the diameter of largest wire in 
rope), of the construction of the rope, and 
of the class of material used in its construc- 



tion, rather than of such matters as the 
depth of the shaft, the total sectional area 
of wire in the rope, or the load to be 
hoisted. 

It appears most probable, however that 
the major portion of the reserve of strength 
provided in a winding rope is for the pur- 
pose of meeting the kinetic shocks that are 
always incidental to winding operations. 

Manufacturers of wire rope, while doubt- 
less fully appreciating the effect of the 
stresses due to kinetic shocks, do not in 
their published information take the public 
very deeply into their confidences. They 
are dealing with intending users, and have, 
of course, to allow for w^orking wear in the 
initial factors of safety that they suggest. 
The general values advised in their Cata- 
logues are: — 10 for quick winding in ver- 
tical, or steeply inclined, shafts; 8 for quick 
winding on moderate gradients; and 6 for 
crane work. Reading between the lines, it 
is apparent that large allowances are here 
intended to meet kinetic shocks, for the 
values of the relative working wear would 
be more likely to be in the inverse order of 
the above quoted numbers. It is quite pos- 
sible, however, that the lowest value (of 6) 
proposed for crane work is partly in con- 
sideration of the less serious results of anv 

Ax 

failure of the rope in this class of work. 

Kinetic shocks occur, or are likely to oc- 
cur, to the most dangerous degree in cases 
where rapid winding is performed in ver- 
tical shafts, and the writer proposes now to 
investigate their effects with the view of 
endeavouring to decide how far these effects 
can be provided against by means of a re- 
serve of strength in the rope. 

In winding operations — which include 
hoisting and lowering, accelerations and re- 
tardations — kinetic shocks are occasioned bv 

t 

alterations in the relative velocity of the 
rope and load. In hoisting and lowering at 
uniform speed this relative velocity is zero, 
but, with the appliances used for winding, 
no starting or stopping, and no acceleration 
or retardation, can be effected in practice 
without an alteration of the relative veloc- 
ity. As will be shown later, an elastic pris- 
matic body, such as a wire rope may be 
supposed to be, if subjected, when at rest 
or when in uniform motion, to suddenly 
applied forces in the direction of its axis, 
transmits the stresses due to these forces 
by waves, which so far as they travel affect 
by retardation or acceleration the several 
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atoms of the body. lUius, during the action 
ol a kinetic shock, all the atoms of the rope 
are not moving with the same velocity — in 
fact, each may have a velocity differing 
from that of any other atom. So that, in 
speaking of the relative velocity of the rope 
and its load, the velocity of any cross sec- 
tion of the rope should be understood to be 
included in this relation, and, consequently, 
a state of rest or absolutely uniform motion 
cannot be said to be established until evertj 
cross section of the rope has zero relative 
velocity with respect to the load. 

Premising that the various causes of kine- 
tic shocks and a comparison of their effects 
can be better considered after an investiga- 
tion into tihe results attendant on some one 
particular case, enquiry will now be directed 
to the case of a rope which is suddenly 
stopped while lowering a load with uniform 
velocity. The enquiry will be divided into 
three stages so as to render evident the 
comparative significance of weight dietri- 
l)uted in the rope or concentrated in the 
load. 

Stage 1. — A load W is being lowered 

8 

with uniform velocity w in a vertical direc- 
tion by a rope, assumed to be weightless, 
of sectional area k. Modulus of elasticity 
E. 

When length L of rope (measured when 
unstretched) is paid out the motion is sud- 
denly stopped. 

What is the maximum stress at the upper 
cross section of the rope? 
Let x„r=the statical elongation in L due 
to W , so that W = Xo E k 

8 8 

L 



<ij.>» 



Let Xi = the further elongation at time **t 
after stoppage. 

Let x= Xo-l-Xi = the total elongation at time 
"t" after stoppage. 

The force retarding the downward motion 

of W at any time after the stoppage is de- 

s 

pendent on the difference at that moment 
existing between the tension in the rope and 
the weight of W , so that an equation of 



s 



motion may be stated thus: — 



W d2 X, 



s 



W 



Exk 





= 8 




g dt^' 




L 


- w - 


Ex„k 


E X, k 



a^ X, E k 

dto W L 

8 



L 



(I) 



dx 



Let solution be Xj = a Sin qt, so that — - 



= a q Cos qt, and 



d^xi 
dt^ 



dt 
X q2 Sin qt. 



Substituting these values in equation (1) we 
obtain : — 



,2 a + i^a = i-.e., q' = 



W L 

s 



2 _ gEk 
W L 



M 



Thusx, = aSin ( j 3J^^ . ^^ 

' \v W L J ' 



When t = . -,^ = 

dt 



8 

d X 

dt 



= t? 



a q Cos q t = a 



/ ll.K Cos ( /- 
W L V"^ 



gEk 
W L 



^'^ . t 



8 



8 



) 



- a Ij> A_^ , since t = 

N W L 

s 



X, = t? 



W L 

8 . sin 



gEk 



/ g«E_k 
/ W L 



8 



. t 



This gives a maximum value of Xj : — x, 



max. 



= V 



"W L 

8 

gEk 
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This occurs at time, t = / ^ . — 

V gEk 2 



^1 max. 



V 



or t = — . 
2 

The time T of the full amplitude of motion 
of W is evidently equal to 4 t. 



4 t = 2 IT 



'^ max. 



The maximum pull P on upper cross sec- 
tion corresponding to extension 



= V 

max 



W L 

s 

kgE 



will be P •= X, 



Ek 



max 



t.e. P = v 



/ 



W L 

s 






/_ 
J kLg 



W E 

s 



and corresponding stress S = v 



/ W E 

/ 8 



v' kLg 

The rope being supposed to be weightless, 
the stress, during the motion of W down- 



W E 

s 



'■) 



will have travelled v 



feet, which dis- 



tance will be the total extension of the rope 
due to the stoppage. 

When a rope of length L feet elongates 
v^t-the stress occasioned will be-^ ^ tt = ^vr* 

Now V, the rate of propagation of stress, 

is known to be equal to /--» where p is the 

density of the elastic material. Substituting 
this value for V, we get : — 

S = E 1^ = V /e p. 



Ji: 



\' 



Let W be the weight of the rope. 



ward, which varies from to v 

(and evidently along a sine curve), is as- 
sumed to take no time to travel from one 
end of the rope to the other. 

The statical stress/ r^ remains to be 

added to S, 

Stage 2. — Suppose in this case the load 
to be not concentrated at the end of a weight- 
less rope, but to be evenly distributed along 
its length. Take in fact the practical case 
of a heavy elastic rope of effective cross 
section k being lowered vertically at uni- 
form velocity v when the motion of the 
upper end of the rope is suddenly arrested. 

If we assume V feet per second to be the 
velocitv with which the stress due to this 
stoppage travels along the rope, then, L 
feet being the length of the rope, the stress 

will take -v^ seconds to reach the lx)ttoni 
V 

of the rope, and the free end {i.e., the lower 

end of fclie rope) w^ill have during this period 

travelled freelv and uninterfered with bv 

the stress due to the stoppage. 

During this time the lower end of the rope 



IP 



Now /J = — » where w is the weight of unit 
volume . 



/El 



ThusS = r /^i^= V /- 

N g n/ 



IFav Lk 
g" Lk 



= V 



r 



E (weight of rope) 



kLg 

, /EW 
and P = *^k ^/ r 

"kLg 



I 



The elongation . f ^ = r ,' Ll^gk 

V v' Egk 

V kgE 

That is to say, if E is the same in both 

cases, and if W =W , the stress and 

s r 

elongation occasioned are equal to the 

maximum stress and elongation in Stage 1 ; 

so that, as far as the maximum stress is 

concerned, it is immaterial whether the 

weight is concentrated at the bottom of a 

weightless rope or distributed as in Stage % 

This same result can be obtained by many 
different methods. To take one other: — 

Suppose the length of the rope to be split 
up into n (an infinite number) equal parts 
each of length L/n, and the weight of each 
W /n to be concentrated at the end of each 

part. Suppose the system is being lowered 
with velocity v and that the arresting of 
upper cross section occurs. 

J^id X| , X.) , Xu • 



X X be the 

n - 1» n 
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elongations at time '' f " after stoppage in 
lengths of the rope measured f romi the upper 
cross section to the end^ of the several 
sections, while x,o, x.,o, . . . . x , vo» ^ n 

represent the elongations in these lengths 



velocity, and let x/, x./, X3^ . . . x / ,\i» 

X , denote at time *T' the elongations 
n* 

reckoned from the positions of the ends of 
the sections just before ihe stoppage of the 



when the rope is moving with uniform 1 "PP*'' «^o « ««'*>o'» °<'«""- T**®" 



n 



+ X, 



2L 

n 



■h X.. 



L + X 



nj 



L 

Distances of ^ 
the lower ends 

of the sections ^ 

= below the fixed & .._ + x, 

point at time ^ 
*H" after stop- 



20 



• • 



n 







Distances of 
the lower ends 
of . the sec- 
tions below 
= the fixed point 
when mov- 
ing uniformly 
with velocity 

V. 



The equations of motion of each of the sections are : — 



W 



W 



ng 



d'^ x/ 
dt2 

d- x,i 
dt'^ 



Weight down. 
W 



n 

W 

n 



Pull up. 
Ext k 
L 
n 

E (X , - X,) k 
L/n 



Pull down. 
E (x.^ - Xi) k 

n 

E (Xg - x.^) k 

L/n ^ 



\ir d- X. ,, _^_ E (x - X ) k E(x - X )k 

Wr (n-iV ^ W __ ^ n-i n-2' ^ n n -r 



ng dt2 

W d^ X . 



n 



n' 



ng 



dt=-' 



W 



n 



L/n 

E (X -X ), 
n n — 1 k 

L/n 



L/n 



but Xi=XiO + Xji, X., = X.0 + x.,1, . . . and x = x „ + x , 

*--«'-' n n® n* 

and, substituting these values, we obtain : — 

W 

_r dV.* ^ _ Ex^% , E(X2^ - x/)k 

ng ' dt2 ' L/n "** L/n 

W 

^. ^V-^ - E(x./ - x,')k E(x3^^x,')k 

ng dt^ L/n "^ L/n 



■ 

W d-x. .. E/'x, ^,, -X, ,,,^k E(x ,-x, .."^k 

_r. (n-i)T ==_^^V (n-2)^ (n-l)V 4. \ n^ (n - i)V 



ng 



dt^' 



W d^x 
r 

ng • 



n* __ 



E/: 



dt^ 



L/n 
L/n 



L/n 



Let-i^. 
W.L 



q'-, and substituting we obtain : — 



n u 
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d-^x,' 



dt2 



i^ + 2q=-' x.i - q V = O 



(2). 



^i + 2q%,' - q»x,» - q'ix,' 



= 



• • (2)o 



-^^ + 2q^x^^ _ ^j, - q^x^^_^j. - q-^x^. = O (2)^ _ ^ 



Adding all these equations we obtain : 

d2x 



dt'^ df- 



df-' 



d^^x 



n' 



df-' 



= - q^x,^ 



i.e. the sum of the accelerations of each section at any particular 
time t after the stoppage = - q-Xj^ 

If now we take t so small that tihe stress 
due to stoppage has travelled no farther 
than the first section, it is evident that ihe 
other sections are still proceeding with 
velocity v and that they have no retarda- 
tion. In this case 

-dV+^+^^ 



_ ^ /EkWr 

— V , — 

V Lg 



+o 4- o +0= - q-Xi^ 



If now we assume the first section to be 
brought to rest from velocity v by a retarda- 
tion increasing uniformly with distance, this 



v2 



retardation may be equated to — • 



r-' 



Thus we have , = - q'-^x^^ 



or 



V- = q^x\ in magnitude 
1 



but W = L k /) g, where p is the density 
of material. 

.'. P, = v k /e7= V k E / 'p 

J E 

so that if V, the velocity of propagation of 

stress = / ^ we have P, = t- k E 



or Si = E. 



V 



V 



leading to 



X * = 



V 

q 



But q = /gKkn2 

V W L 

r 



x.» = 



V 

n 



/WL 
/ r 

^ gEk 



If P, is the pull occasioned by this extension 
in length 

then P.=Xi' ^li-5 

i ^ p _ E k v /wTL 

^ ^ g E k 



Similarly this same value can be obtained 
for the stress in any section of the length, 
on the assumption that the sections above 
it are brought to rest, and the sections be- 
low it are still moving with velocity v. 

This proof taken into conjunction witih 
that previously given will demonstrate that 

V = /^_ > a fact that the writer had 

V p 

assumed in the first instance. 

In his interesting paper, ** On Explosions 
of Steam Pipes due to Water-Hammers,*' 
Mr. C. E. Stromeyer, M.I.CE., gives a 
clear demonstration of the principles 
governing the phenomena attendant on 
shocks in elastic material. The wTiter was 
pleased in that paper to find data corrobor- 
ative of his own calculations up to this 
stage in the investigation, and wishes 
further to thank Mr. Stromeyer for the 
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valuable advice and suggestions that corre- 
spondence with him has produced. 

The equations previously stated, (2)i, (2).^, 

...(2) , (2. , can be solved when n is 
n-r ^ )n 

taken as a small number, 2, 3, 4 or 6, 
and particular numerical values given to 
other symbols. The curves drawn in 
Fig. 1 show the results of calculations 
based on the assumptions that the weight 
of the rope is concentrated at 1 , 2, 
3 and 6 points respectively. The curves 
are numbered 1. 1. 1., 2. 2. 2., etc., 
accordingly, and the starting point of each 
is set off a suitable distance to the right- 
hand side of the origin — O to allow for the 
time that would elapse before the stress 
reached the upper end of the rope. The re- 
sult for the case of the infinite distribution 
of the weight can in this manner be seen 
to be identical witih the Fourier expression : 

Z= ^-« Sin qt+ J Sin 3 qt+J Sin 5 qt+&c.) 



TT 



end of the spring can be imagined to be in- 
finitely small, therefore, the time in which 
it acquires or changes its velocity under the 
influence of a definite pressure must also be 
infinitely email." 

Regarding the value of V for steel rope, 
the writer leaves this to be determined ex- 
perimentally, and has, for the sake of sim- 
plicity in these calculations, assumed it to 
be dependent on the modulus of elasticity 
and density of the rope, and not of the wire. 
Taking E as 20,000,000 lbs. per square 
inch, or 1,440,000 tons per square foot, and 
the mass of a cubic foot of rope (including 
the weight, but neglecting the volume, of 
the core) as equal to •288/g tons, then 

V = /l,440,Mjig = 12,650 feet 

J -288 

per second (approximately). 

In using this value to estimate the time 
required for the stress to travel along a cer- 
tain length of rope, the length of the rope 



N 
M 
O 



Pig. 2. 

Referring to Fig. 2, Z is 
measured upwards from the 
line OQ. OM = Voand q = -^ » 

T being the periodic time and 
represented by OQ. 

The figure can be drawn to represent Pi 
the kinetic load on the upper cross section, 
or Xj the strain. If the former, then 

Z = Pj = —(Sin qt + i Sin 3 qt + &c.) where 





Q 


p 




1 . 















is taken as the distance travelled, and not 
the length of the wire spiral, 

This wire spiral may be, in practice, of 



Vo= vk 



/Ew 



g 



» q = 



2L J w 



and T= OQ = 



The dotted line shows the whole load on 
the upper cross section, including the 
statical load (at an assumed value MN). 

Fig. 2 shows that a sudden reversal of 
stress will occur at any point of the rope, 
from a positive to a negative value. This 
will be accompanied by a sudden change of 
motion, and on this point the remarks of 
Mr. Stromeyer in the above-mentioned 
paper may be quoted : — *' A force imparts a 
given velocity to a given mass in a given 
time. If the force is of a fixed intensity, 
then the velocity will also be fixed, provided 
the mass and time are proportioned to each 
other. Now, the mass of the very extreme 



AT ^ ^ A I-* 

V Eg V 

length only 5 per cent, greater than the 
rope, and E for the wire itself may be as 
great as 30,000,000, so that it is necessary 
to bear in mind that considerable error may 
be involved in the approximation. 

Seeing that the maximum straining effect 
of the kinetic energy of a weight is the 
same whether the weight be distributed in 
the rope or concentrated at the lower end, 
it appears reasonable, at first sight, when 
considering in the case of a heavy loaded 
elastic rope subjected to kinetic shock, 
to imagine the weight of the rope as added 
to the load and as acting in conjunction 
with the load at the lower end of the rox)e. 
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The writer lor some time regarded this as 
a near approach to the truth. 

Competent authorities have advised such 
approximations as adding .one-half, or one- 
third, of the weight of the rope to the load. 

All these expedients to simpUfy calcula- 
tions lead to theoretical results that appar- 
ently agree with those that practical ex- 
perience lays dow^n as correct. For instance, 
they show tlhat kinetic shocks in a very 
short rope are highly dangerous, while the 
additional elongation possible in a long rope 
serves to considerably modify the stress due 
to such shock. 

In fact, the result may be stated thus: — 

The dynamical stress in the winding 
rope, or that caused by the kinetic shock, 
becomes more dangerous, that is to say, of 
a so much greater effect, the smaller the 
volume oi the stressed rope/'* 

As for the correctness of this deduction, 
it appears only to be true within certain 
limits — these limitations depending on the 
length and size of rope and the weight of 
load carried. 

In all these approximations the assump- 
tion is involved that the elasticity of the 
rope taken as a whole can be utilised im- 
mediately, or with sufficiently great rapid- 
ity, to moderate the effect of shocks. This 
assumption is not correct, for time has to 
be taken into consideration. 

The concluding stage of this investiga- 
tion will show how far this assertion is 
justifiable. 

Stage 3. — Let W be the weight of a 

r 

lieavy elastic rope lowering a load of W at 

s 

the rate of v feet per second. When L feet 
oi rope are out, the upper end of rope is 
stopped. To find the maximum stress oc- 
casioned in upper cross section. 

One w^ay to treat this problem would be 

to introduce the load W whole or in sec- 

s 

tions into the various equations (2),, (2)o, 
up to (2) of stage 2; this is to say, to add 

it on to the weight of the sections of the 
i-ope. 

The equations may then be solved by in- 
serting suitable numerical values for the 
svmbols. 

The results of this method are shown in 
curves 1. 1. 1., 2. 2. 2., 3. 3. 3. and 6. 6. 0. 



in Fig 'S, and it can be seen how the stress 
rises as ihe distribution of the weight of the 
rope is made more complete. 

However, this method, while interesting, 
is tedious and, at best, only approximate; 
the following solution is put forviard as 
being more satisfactory. 

Neglecting for the time the statical stresb 

which will be added later, it is known from 

Stage 2 that the lower end of the rope, and 

with it W , will continue motion down- 
s 

wards at velocity v for an interval of 

L seconds, while a pressure waveofexten- 

V" 

/EW 

sion=P=rk J travels dowTi the rope. 

kLg 

On reaching the lower end of the rope 
this pressure wave, in instantaneously re- 
versing, causes an upward pull = P = rk 

/ EWr 

/ — r^F— which is opposed by the kinetic 
V kLg ^^ 

W» V- 
energy of Wa, t.e 

The lower end of the rope is thus con- 
strained to move downwards still further 
with the weight Wg while the velocity of 
the fall gradually diminishes as the kine- 
tic energy of the weight is expended. 

In explanation of this let us consider the 
action between the lowest section of tihe 
rope and \Vj. Imagining the rope to be com- 
posed of n (an infinite number) infinitely 
thin horizontal slices joined to each other 
with the elasticity pertaining to the rope, it 
is clear that the nth slice, which at the end 

of ^ seconds would immediately acquire 

a velocity of v upwards, is forced down- 
wards with velocity v by the action of W^ . 
The stress produced in this slice of the rope 

is evidently 2v /^ . ? .c. 2S, of which one 

V g 

S keeps it from upward movement, that 
is to say stops it and keeps the tension P 
in the whole rope, while the other S gives 
it velocity v downwards and thus leads to a 
further straining of the rope. The nth 
slice communicates this latter stress of S to 
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the (n - l)th slice and also the velocity v. 
In doing so the nth slice would come to 

rest were it not that W with reduced 

s 

velocity Vj moves it on. This second jerk 



causes stress t\ 



• 9 



which in turn is 



g 



communicated to the (n - l)th slice, and 
so on, jerk after jerk, imtil the whole 
kinetic energy of the weight is expended. 
The (n - l)th slice communicates these 
stresses and velocities in succession to the 
(n - 2)th slice, and thus a pressure wave 
of extension, with head equal to P=kS 
and tail diminishing to zero, travels up the 
rojie, which, it must be noted, is still at 
S stress (imrelieved) above statical loading. 

The length of this wave has an important 
bearing on the maximum amount of stress 
occasioned at the upper cross section of the 
rope, in that, should the rope be so shorty 
that the wave after reflection from the upper 
cross section can return to the lower end 
before Uie motion of W« downward is com- 
pleted, it is evident that there will be a 
further sudden check to this motion, this 
involving an additional stress in the rope. 

(The term ** wave " is used in the sense 
of a semi-undulation.) 

Diagram B has been drawn to illustrate 
the progress of the wave. 

The resulting stresses, greatly exagger- 
ated, are indicated by the reduction in the 
width of the rope. 

Regarding this wave length it will be seen 
that, if the rope is sufficiently long to ac- 
commodate the wave, the arresting of the 
downward motion of W is accomplished by 

a force starting at value 2P and decreasing 
gradually to value P, for the whole rope is 
stresswl to the amount P/k, and therefore 
a recoil will start when this value is reached. 
Thus the work done by this variable force 
mav be equated to the kinetic energy 

It is necessary now to note at what rate 
this force varies. 

If the value of E remains constant for 
the stresses under consideration, and on a 
similar assumption with regard to /j, then 

the rate of propagation of stress V (= J^^/p) 
will ako remain constant. This being so. 



the rate at which the successive atoms of 
the rope are jerked into motion is constant, 
and the retarding force at any particular 
time, due to imparting velocity to the lowest 
atom at this instant, will depend solely on 
the velocity of W at this instant. 



s 



s 



The whole force retarding motion of W 

consists of two parts, one of which is con- 
stant, viz., P, and the other part, viz., 

V k /j^^» varies with the velocity, - which 



r IV 



g 



at the rth instant may be denoted by v . 

r 

The equation of motion may. then be 

stated: — 



W dv 

^.-£ = Cr + P, 
g dt. r^ 

W dr 
t,e. dt = 



where C=k / 

^ g 



g CV^+P 



Integrating between limits v «o and v. 



W / 



V dv 



g - Cv + F 

* o r' 



^ si 



g 
W 



• I [ l^«e <^^"+^> " ^^«e^i 



Ct+P 



gC *^e P 

W 

« _ ® loir , since Cv = P 

g€ *e p 

W V 

- «- log 2 
gP »e 

W „ W 

= -693 _? _ 
g kE 
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During this time the pressure wave (P to 
O) has been travelling up the rope at the 
rate of V feet per second. 

Thus, if W be the length of the wave, 

t = W/V. 

w 

s V- 
and, therefore, W'7 

g kE 

E Eg 
substituting the value V- = = ^ 



"/J 
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W 

♦we obtain W=-7_i, or W.«?.k =-7W 

wk s 

BO that the weight of rope included in the 
wave (of length W) is equal to '7 of the 
weight of the load carried. 

Now w is the weight of a cubic unit of 
the material of wlhich the rope is con- 
structed. In it is included the weight of 
non-effective material such as soft cores, 
etc., on the assumption that these occupy 
no space. For a definite class of ropes, 
of similar construction, w may be regarded 
as a constant. 

This being so, it appears that the length 
of the wave is dependent solely on the ratio 
W /k, which is the statical loading of the 

rope so far as affected by the load W . - k 

8 

being the cross sectional area of the effective 
material composing the rope^ 

No w S has been shown to be equal to 
^ / — — , with V as the only variable if E 

V g ^ 

and w are constant. 

Thus, for a given rope, with W and v 

s 

fixed, the only possible factor affecting the 

stress due to a kinetic shock, such as is 

under consideration, is the length L of the 

rope. 

The value of S itself has been shown to 

be independent of L, and it now remains 

for consideration whether S in the 

max. 

upper cross section is influenced by this 

length. 

What occurs when the pressure wave 
reaches the upper cross section of the rope? 

* NOTE. — This result does not di£fer very materi. 
ally from those obtainable from the assumptions that 
the retarding force varies according to the time, or 
to the distance travelled .by W . 

In this latter case — In the former case — 
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This point being temporarily, by supposi- 
tion, a fixed point, the head of the wave on 
reaching it suffers reflection downwards, 
with the result that, as the several ele- 
ments of the wave arrive and depart, they 
produce a double pull on, and a double stress 
in, the upper cross section. 

When, therefore, the head of the wave is 
being reflected a stress of 2S is occasioned. 
To this must be added the stress of S al- 
ready in the rope due to its own stoppage, 
making in all 3S above the statical loading. 

As far as the pressure wave doubles on 
itself the stress in excess of S at any par- 
ticular point in the rope is the sum of the 
advancing and receding values, for it has 
to be remembered that both produce exten- 
sion, being of the same sign, and tihere is 
no nodal effect. 

If the length of the rope is equal to half 
the wave length, i.e., if W = 2L, it is evident 
that, neglecting the lengthening effect of 
the stress on the rope, the head of the wave 
will return to the lower end of the rope at 
the moment that the tail is leaving it. 

The kinetic stress in the lower cross sec- 
tion of the rope will be S -h S -h O = 2S. The 
load W will have been just brought to rest, 

its kinetic energy being all expended in the 
production of the wave. The rope will now, 
atom by atom, be relieved of all stress above 
its statical loading, the work performed con- 
sisting of the upward acceleration of W 

and of the rope itself. 

Without continuing in the present paper 
the very important investigation of the re- 
sulting motion, it may be inferred that the 

velocity acquired by the mass of W and of 

s 

the rope will allow of motion above the posi- 
tion of static equilibrium, this leading to a 
fall of these masses, the acquisition of veloc- 
ity downward, and a repetition of the cycle, 
modified of course in a practical case, by the 
effects of internal and external resistances. 

Considering now the effect in a rope lon- 

W 

ger than L = -« ' ^^ ^^ apparent that, if 

the length of rope exceeds half the wave 
length, the head of the wave will not return 
to the lower end of the rope until W has 

9 

acquired some upward velocity. 
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However, be the rope ever so long, it is 

obvious that, as the upward motion of W 

s 

is dependent on a wave of release that fol- 
lows in the wake of the wave of stress, the 
whole of this latter must have returned to 
the bottom of the rope before the comple- 
tion of the upward travel of the weight, so 
that at Bome time or another in this semi- 
vibration the kinetic energy which the 
weight W previously gave up to the rope 

will be restored to its source. 

On the other hand, no additional energy 
can be created in the system by the wave 
motions, and, in the vibrations subsequent 
to the first collision between the rope and 
the weight, there will never be between the 
weight and any section of the rope a greater 
relative velocity than 2v, which relative 
velocity existed between the weight and the 
lower section of the rope at iftie instant of 
the first collision. Consequently the (»'tect 
of this first collision can never be exceeded 
in magnitude by that of subsequent ones. 
Therefore, for a length of rope equal to or 
greater than W/2, the maximum stress oc- 
casioned in the upper cross section will be, 
from theoretical consideration, equal to 3S. 

To what extent in practice this stress may 
be reduced in the case of a long wire rope 
is a matter that may perhaps be capable of 
demonstration by means of actual experi- 
ment; but, from a consideration of the 
structure of such rope (which, of course, is 
not really a prismatic body, although as- 
sumed to be so in the previous calculations) 
and of the fact that extensions or contrac- 
tions under stress involve the untwisting or 
further twisting of the elements, it may be 
expected tihat a wave of stress will materi- 
ally reduce in energy while travereing a long 
length of wire rope. 

Take now the case of a rope shorter than 
W/2. 

Here it is clear from previous argument 
that when the head of the wave reaches the 
lower end of the rope, the motion of W 

downward will not be completed, and it will 
be falling wi^h a velocity (say) t^. 

In the small section of rope at that in- 
stant receiving the velocity v^ a stress of S 
exists, and a further stress of S,, corre- 
sponding to velocity v^, is being produced; 
but, owing to the return of the head of the 
wave the whole stress will be increased to 
value 2S-I- S-t- Si = 3S+S,, and the retarda- 



tion of the motion of W will be similarly 

effected, that is to say the force produoing 
retardation at that moment, viz., P-f Pi, 
will be instantaneously increased to 3P + Pi, 
this resulting in a more rapid checking of 
the velocity of W and a reduction of the 

time t to fj.* 

The wave after this second reflection^ and 
with head now P + Pi, travels up the rope 
again. When it meets the upper cross sec- 
tion and suffers its third reflection the in- 
staneous stress produced will be 2 (S-f-S,), 
wftiich, added to the stress of S existing in 
the rope due to its own stoppage, totals 
3S + 2Si. 

If the rope is so short that the head of 
the wave can return a second time to the 
lower end of the rope before the motion of 
W, downwards is completed, a further in- 
crease of stress will be produced, and it 
appears that the maximum stress in the 
upper cross section for the case of a short 
rope may be represented by the formula 

S^ =S+2 (S + Si-i-Sa+ etc.) where S^, 

max.. ^ ' 

S2, Ss, etc., are each less than S, and in 
decreasing order of magnitude. 

However, there may be a very large num- 
ber of these augmentations in a very short 
rope. For the object the writer ihas in view, 
it is not necessary to do more here than in- 
dicate that these results lead one to expect 
the production of an infinitely great stress 
in an infinitely short rope, and that tht 
motion of W^ will be instantaneously 

arrested. 

In a rope shorter than W/2 the motion 
at Wg downwards is stopped by a series of 
jerks occurring each time the head of the 
wave returns to the lower end of the rope. 
Subsequently, the acceleration of W^ up- 
wards is also accomplished in this spasmodic 
fashion, the number of impulses in each 
case depending on the shortness of tihe rope. 

When the rope is of length equal to W/2, 
the wave. effects due to impact synchronise 
with the natural vibration of W. at the 

end of this length of rope. 

When the rope is longer than W/2 there 
occurs one jerk on the upward motion of 



(*) [See Diag. VI., in paper by the same author, 
entitled ** The Factor of Safety of Wire Ropes 
used for Winding in Mine Shafts," page 250. — 
Ed.] 



78 



It 



Wire Ropes for Hoisting.*' 



• These efEects can be plainly seen in ex* 
periments conducted with a variable weight 
at the lower end of an india-rubber' cord or 
tube of length (say) over 20 feet. The upper 
end of the cord or tube is to be attached to , 
the lower end of a short piece of unstretclh- 
ing string which has its upper end fixed to 
a rigid suppoi-t-. The whole system is lifted 
a certain height and then dropped, — the 
short length of string providing for a sudden 
stop of the india rubber. 

The wTiter experimented thus, and al- 
lowed a drop of l'&5 ft. leading to a veloc- 
ity of 10 ft. per second. 

With these dimensions the stretching of 
the india-rubber cord is sufficiently great, 
and the vibrations and jerks sufficiently 
slow, to allow of personal observation and 
detection. 

A measurement of the actual extensions 
for various lengths of cord and for various 
velocities is very interesting and inetruc- 
tive. 

A similar combination of string, india- 
rubber cord, and weight can also be at- 
tached to tibe hook of a spring balance and 
arrangements made for varying the length 
of india-rubber, so as to test the kinetic 
shock for short and long lengths of cord. A 
small india-rubber marker, shaped thusVi 
threaded on the head of the index pointer 
of the balance, in its movement over the 
dial, thinly smeared with red-lead paint, 
gives a ready indication of the maximum 
effects. 

The records need to be translated, keep- 
ing in mind the inertia of the various parts 
of the apparatus, and the doubling effect of 
sudden shock on the spring of tihe balance, 
and even then are of little value as afford- 
ing a comparison w^th what might happen 
in the case of a steel wire or wire rope re- 
ceiving a similar kinetic shock, for the rea- 
son that the V for india-rubber increases 
so enormously with the addition of stress. 

Still, experiments such as those just de- 
scribed are of some value, and the results 
readily show% without any correction or ad- 
justment, how in varying lengths of cord 
the kinetic stress increases rapicjly from a 
certain minimum point .(corresponding to 
L = W/2) to very large values as the cord 
is shortened, and how, as the cord is 
lengthened above the value L = W/2, the 
kinetic stress keeps fairly constant. 



By dropping varying lengths of the india- 
rubber cord without any weight attached at 
lower end, it can also be plainly seen by the 
indications of the spring balance that the 

value P (which = vk /_ *^ ) is indei>end€nt 

^ g 
of the length of cord. 

Many other experiments of a more* prac- 
tically useful character will doubtless sug- 
gest themselves to engineers interested in 
the subject of the effect of kinetic shocks in 
winding ropes, the utility of such experi- 
ments naturally increasing according to the 
extent to which the actual workinp condi- 
tions are reproduced. 

Professor J. Hrabak has experimented 
with many winding ropes — hanging in ver- 
tical shafts and loaded up to their usual 
working loads — ^and has thus found prac- 
tical values for the modulus of elasticity of 
both, old and new ropes. 

It would be interesting in these mining 
fields to carry out similar experiments, bet- 
ter still, to extend them so as to discover 
V the rate of propagation of stress in the 
rope, and also to see at what rate such 
stress diminishes while travelling. Un- 
certainty on these points requires to be 
cleared up, and this can only be effected by 
carefully conducted tests on long lengths of 
wire rope stretched to their working loads 
or thereabouts. 

It is the wTiter's earnest hope that some 
members of this Association, possessed with 
the necessary resources and opportunities, 
will carry this matter beyond its present 
stage of improvised laboratory trial. 

Betuming now to the results obtained 
by theoretical investigation, and which 
rough practical experiments prove to be 
apparently true, it has been shown that for 
lengths of rope weighing less than '35 of 
the iQad that they carry the maximum kine- 
tic stress at the upper cross section, due to 
a sudden stop in lowering, increases rapidly 
as the length is shortened, while for a 
length equal in weight to (or greater tJhan) 
•35 of the load, the kinetic stress is con- 

stant and is equal to Sv / ^"^^ 

^ g 
If, now, we add to these results the sta- 
tical stress, we obtain the whole stress at 
the upper cross section. This has been done 
and the values (in tons of 2,000 lbs. per sq. 
in.) for all lengths of rope up to 6,000 ft. 
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are plotted on Diagram C. The data used in 
tne calculation are: 

^ = 10 ft. per sec. V = 12,650 ft. per sec. 

k=l 8q.in.= ^l^ sq.ft. 

E = 20,000,000 lbs. per sq. in. = 10,000 
tons per sq. in., or= 1,440,000 tons per sq. 

^ = '(^166 tons in the case of a cub. in. 
or -288 tons in the case of a cub. ft. 

The statical factor of safety at various 
depths IS also shown, and for this purpose 
the ultimate strength of the steel is taken 
at 120 tons, but reduced to 105 tons as 
allowing for *' laid-up " efficiency. 

The laiige kinetic shock that we Ihave 
been considering, due to a sudden stop of 
the upper end of the rope while lowering a 
load, is only one out of many dangerous 
effects that are, within the bounds of possi- 
bility, attendant on winding operations. 

Exception may, of course, be taken to the 
assumption of a sudden stop, but its justi- 
fication lies in the fact that in practice an 
attempted gradual retardation consists in 
the application of at least one sudden check 
to the speed, and a sudden loss of, say, v 
ft. per sec. velocity — the effect of which 
may be calculated from the formula pre- 
viously established — the velocity being 
purely a multiplier of ^e kinetic stress, and 

the relation S=3t; / ?!?, holding true for 
all velocities. 



g 



If a number of small checks of speed are 
applied in rapid succession to the rope, 
there is the possibility of tiheir producing 
an effect equal to the sum of their separate 
effects. 

For instance, if there is a sudden check 
of V ft. per sec. velocity, the duration of its 

W 

first action on W will be t= 7 ?._X 

This time solely depends on the ratio W /k 

s 
and if the rop€ is longer than W/2, and if 
the checks of velocity are sufficiently rap'dly 
applied, so that the shock of the*^ second 
arrives at W^ before the effect of the first 

is completed, the shock of the third before 
the completion of the effect of the second, 
and so on, it is clear that the cumulative 
result is obtained. This time, for the rope 
and weight data illustrated in Diagram C 
would be slightly under l/5th second, so 
that, with a good engine driver, and all 
appliances in proper working condition, the 
possibility of the cumulative effect does not 



• 

on consideration appear to be very great. 
However, the chattering of a brake might 
easily lead to the application of a series of 
shocks with the necessary rapidity. 

If the rope is shorter than W/2 the time 
of descent of W is decreased, and there 



s 
is more certainty of the effect of the first 
shock being completed before the second 
shock amves, but as has been shown be- 
fore, this time can only be shortened with 
an accompanying increase of stress. 

These effects due to jerky retardations, 
and the analogous effects of intermittent 
accelerations, demand a closer investiga- 
tion than the writer has been able to deal 
with, for herein lie the reasons for the ex- 
cessive *' pumping " action, of a winding 
rope, which fiction leads not* only to undue 
strains on the rope, but td the unexpected 
gripping of the safety catches, a " Hang- 
up " of the cage, and other derangements 
of winding practice which may possibly in- 
volve dangerous consequences. 

If it were possible to stop the motion of 
the rope and load by means of an absolutely 
gradual retardation starting at zero, then 
it can be readily seen that for very gradual 
actions the maximum stress produced in a 
long rope will be greater than that pro- 
duced in a rthort rope, but the maximum 
stress in the former case would fall far be- 
low that calculated for the sudden stop. If, 
however, the time of action is shortened up, 
the stress in the short rope increases much 
more rapidly than in the case of a long rope, 
and a minimum value will appear at some 
depth dependent on the data introduced in 
a specific case.* 

Here concludes, for the present, the 
writer's investigation. The following deduc- 
tions appear justifiable: — 

(1) Within a certain limit of depth from 

surface, this depth depending on the ratio 

W /k, a winding rope is stressed more 
s 

severely than at greater depths by a kine- 
tic shock of given magnitude. 

(2) From this limit of depth to the sur- 
face tihe stress for a given kinetic shock in- 
creases as the rope is decreased. 

(3) The portion of winding rope nearest 
to the load (i.e., the portion that never 

I -_ - _ 

(*) [The portion of thi» paper which is excluded 
will be fornd as an Appendix to a subsequent 
paper by the same author, entitled " The Factor 
of Safety of Wire Ropes used for Winding in 
Mine Shafts." see pages 240— 251.— ED.] 
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winds on the drum) is a part that has to 
bear the sudden application of every kine- 
tic stress due to changes in the kinetic 
energy of the load, and may be expected 
to deteriorate more rapidly than other por- 
tions of the rope. 

(4) For all depths greater than the dan- 
gerous limit the maintenance of a standing 
resers'e of strength in the rope appears a 
suitable provision against the effects of 
kinetic shock. 

In explanation of 'this deduction, to which 
the writer imagines some importance at- 
taches, it requires to be remembered that, 



although the enlarging of the rope does de- 
crease the depth of the dangerous limit, 
it does not reduce the kinetic stress for 
depths beyond this limit. 

With a seven- ton load, if the rope were 
increased from 1"27 in. diameter to 1.6 in. 
diameter, the sectional area of the wires 
would probably be increased by 50 per 
cent., the weight per foot would also be in- 
creased by 50 per cent., while the depth of 
the dangerous limit would be reduced from 
1,823 feet to 1,213 feet^that ie, by one 
third. 
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Discussioji was subsequently intntcd on 
Mr. J. A, Vaughan^a paper on — 

•' AN INVESTIGATION REGABDING 
THE EFFECT ON KINETIC SHOCKS 
ON WINDING ROPES IN VP^RTICAL 
SHAFTS." 



Mr. Martin Epton said he had fcad the 
pleasure of helping Mr. Vaughan with the 
experiments referred to in hi« paper, and 
he wished to say that he absolutely agreed 
with the results. The author had brought 
out an important matter, viz., that there is 
a dangerous point in almost every rope, due 
to the vibrations from the kinetic shocks. 
He wished to be allowed to show them 
some photographs of steel taken from a 
rope, magnified some 750 diameters; and 
those taken from tlhe end of the rope that 
never had any stress at all show it as a good 
steel should look. The photographs were 
taken in England, and the gentleman who 
took them did not know what the rope had 
been doing nor anything about it. The 
other part of the steel was taken from a 
badly worn place in the rope, some 300ft. 
from the end, and the whole structure of 
the steel was altered. The expert who 
made the photographs said it appeared as 
if the steel had been heated and plunged 
into the water : presumably he got that idea 
from the experiments that had been made 
for the Alloys Research Committee for the 
Mechanical Engineers, and it certainly had 

lat appearance. Unquestionably the end 
of cRfc Steel where photographed in the part 
that had been subject to the stresses was 
i»ntirely different to the part that had not 
been subject to any stress at all. He did 
not think the effect of wear, or anything of 
the kind, on the outside, would affect the 
sti-ucture of the steel in that way, therefore 
they must look to something else. And 
he thought Mr. Vaughan*s paper helped 
them to find out the cause in the alteration 
of the structure, and also helped them to 
put that dangerous point at such a place 
on the rope that the danger would be 
greatly minimised. 

Mr. G. A. Denny thought it would be of 
still further interest if they were told in 
what respect the structure of the two 
samples differed from eacih other: was it a 
re-crystalisation or re-grouping of the con- 
stituents : or what was the nature of the 
alteration that had taken place? 

Mr. J. A. Vavghan said they were fortu- 
nate in knowing that Professor Arnold, one 



j of the leading men on this subject, was 
coming out with the British Association to 
SouUi Africa this year. He had thought 
of sending him two specimens of a much- 
worn rope — not worn on the surface, but a 
rope in which the wires have deteriorated, 
and where the weekly examination showed 
they must be getting near their limit stage, 
there being many broken wires, such de- 
terioration increasing in geometrical pro- 
gression. The material had prac^tically 
altered in composition, apparently, it 
seemed to him to have re-crystalised in 
some way. He intended when sending 
these specimens to ask Professor Arnold 
whether he could deal with the subject in 
any remarks he might make here. 

Mr. C. B. Brodioan was of opinion that 
the change might arise by other than alter- 
nating processes. He knew a case where 
one end of a guy rope was embedded in 
ashes and it broke off suddenly, and he 
found that the wires could afterwards be 
cracked, whereas about three feet higher 
up the rope the individual wires still had a 
perfectly fibrous structure. Whether this 
was due to being embedded in the ashes 
was worthy of investigation. 

Mr. Martin Epton : If you put pipe in 
ashes it will soon disappear owing to the 
sulphur in the coal. 

The Chairman : In most cases here, with 
the coal we have, you would find no steel 
or iron would last long in contact with 
ashes in the open air. 

Mr. C. B. Brodioan : It preserved its 
original section entirely : it was a full sec- 
tion of the rope. 

Mr. M. Francke said the process they 
were using in making forged iron or steel 
out of cast iron was really reversed in the 
process of deterioration under vibration. If 
the fibres are subjected to vibration, the 
natural tendency of the material asserts 
itself and octahedral crystals are again 
formed, which, of course, are of consider- 
ably smaller dimensions and not elongated 
like the original fibres. He thought that 
was the explanation of the deterioration in 
steel or forged iron if subject to vibration. 
It had been observed in raihvay bridges, 
although not to such an extent as steel 
wires which are subject to vibration. 

Mr. G. A. Bknny : I should like to men- 
tion stamp stems. Iron naturally crystal- 
lises in octahedrons, which, in the process 
of forging and wire -drawing, are elongated 
into fibres. 
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•'AN* INVESTIGATION llEGARDING 
THE EFPECT OF KINETIC SHOCKS 
IN WINDING ROPES IN VERTICAL 
SHAFTS." 



By Mr. J. A. Vaughan. 



Author's Reply to Discussion. 

Tlie author will hardly be expected to 
give anything more than a formal reply to 
the paper that was presented over twelve 
months ago, and which has elicited practic- 
ally no criticism. For the kindly and ap- 
preciative remarks of some of the members 
the author tenders his best thanks. He 
cannot refrain though from expressing re- 
gret that the important subject dealt with 
has been so scantily discussed. 
It appeared impossible to present 
the matter in a very attractive form, 
but still the conclusions arrived at might 
have been either attacked or acquiesced in 
on general grounds by those who, for want 
of time. or inclination, were unable to 
thoroughly digest the previous somewhat 
lengthy arguments. 

Conclusion No. 4, viz. : *' For all depths 
greater than the dangerous limit the main- 
tenance of a standing reserve of strength in 
the rope appears a suitable provision 
against the effects of kinetic shock," is of 
the utmost importance, and the author feels 
that a decision in this matter must be 
sooner or later arrived at. 



From the Journal of ihe Trannvaal In^iiiuie 
of Mechanical Engmeers. 

Vol. it. Part 8, 1905. 

THE RISK ARISING FROM USING 
WINDING ROPES WITH TOO HIGH 
AN INITIAL FACTOR OF SAFETY. 



By Mr. H. J. S. Heather (Member), 



In these notes the question of wear on 
ropes only is dealt with, and not that of 
corrosion, although it is fairly evident that 
starting from the corrosion point of view 
somewhat similar practical results will be 
arrived at. 



According to the Government Regulations 
the Resident Engineer on these fields is 
required to throw out a winding rope when 
it has, in his opinion, deteriorated to such 
an amount that its factor of safety does not 
exceed six. Now, as the wear on the rope 
will in most instances not be uniform, he 
has to base his opinion on the known original 
strength of the rope's component wires, and 
his estimate of the extent to which their 
cross section is reduced by wear at the most 
worn part of the rope. We will assume that 
his estimate, formed without opening up 
the rope, will be, if he is a good man (per- 
sonally I should say a very good man), 
correct within 10 per cent. Now, take two 
specific examples ; suppose the original 
factor of safety, is 10, and the engineer 
estimates that 80 per cent, of the cross 
section is worn away, he believes he has a 
factor of safety of seven. If his estimate is 
10 per cent, wrong, 40 per cent, of the sec- 
tion is worn away, and he has a factor of 
safety of six. That is, a 10 per cent, error 
reduces the factor of safety from seven to 
six. 

Suppose on the other hand the original 
factor of safety was 20, and the engineer 
estimates that 65 per cent, of the cross 
section is worn away, he believes he has a 
factor of safetv of seven. But if he is in 
this case 5 per cent, wrong and 70 per cent, 
is worn off, he has only a factor of safety of 
six. That is, a 5 per cent, error reduces the 
factor of safetv from seven to six. 

It is clear, therefore, that i f-t+rtf' initial' 
factor of safety is doubled, the result is to 
make it necessary to reduce to one-half the 
error of the observation from which the final 
factor of safety is deduced, or to put it 
another way, doubling the initial factor of 
safety, given equal accuracy of observation, 
doubles the chance of ultimately making a 
fatal error. 

Next, the more a rope is worn the slower 
the rate of deterioration appears to be. Up 
to the point where half the diameter of the 
outside layer of wires is worn away it is com- 
paratively eaey to estimate the wear, but as 
soon as this stage is passed, a difficulty 
comes in. The flat worn surface of each wire 
should, theoretically, from this .stage 
diminish, but in practice this cannot be ex- 
pected to be so. The thin edges of the 
worn wire, instead of being worn off, will 
begin to burr over under the pressure of the 
drums and sheaves, and although far more 
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than half the section of the wire may be 
gone, the apparent diameter retains very 
closely its original value. 

The consequence is, that though up to the 
stage where half the diameter of the outside 
wires is worn away, it is fairly easy to esti- 
mate the amount of wear, as soon as this 
stage is passed it becomes extremely diffi- 
cult, the estimation depending upon a 
measurement of the diameter of the whole 
rope (always supposing the rope is not 
opened up, a proceeding which most prac- 
tical men will not favour) and this means 
multiplying the chances of error by 10 or 12 
in most cases. 

The conclusion of the matter, therefore, 
from the wear point of view is this : That a 
rope should be discarded at the latest by 
the time half the diameter of the outside 
wires is worn away, which means, practic- 
ally speaking, that in order to avoid acci- 
dents the initial factor of safety should not 
be so high as double the final one. If the 
final one is fixed by Government regulations 
at 6, the inital value should not be so high 
as 12. 

This is a point that will be of interest to 
those concerned with deep level winding, I 
where a heavy rope is usually out of th*:? 
question. 

The President (Mr. A. C. Whittome) : 
Mr. Heather has dealt with an important 
subject, and as he says at the close of his 
paper, the deeper the shafts are going the 
more jmportant it becomes. He states that 
he thinks a very good man might estimate 
the amount of wear on a rope within 10 
per cent. I think he would be an excep- 
tionally good man if he got within 10 per 
. cent, in an estimate of the breaking value 
of some of the ropes hisre. 

Mr. Vaughan : I presume Mr. Heather 
was referring solely to external wear when 
he mentioned 10 per cent. 

Mr. Heather : T was referring only to the 
wear that could be observed from the out- 
side. 

Mr. Berry: I do not think the liability 
to accident with winding ropes depends so 
much on the outside of the rope. A new 
rope after three or four weeks' running will 
show a lot of wear, and after that one cannot 
. expect so much in the -next three months. 
If the apparent wear during the first month 
continued at the same rate, the rope would 
have but a short life. 



Mr, Thomas : I agree with Mr. Berry to 
a great extent with regard to the actual 
wear of the wires in any rope. So far a« 
my experience goes, ropes on these fields 
are more often t$iken off on account oi 
broken wires than on account of the actual 
wear which has taken place. There are few, 
if any, long ropes that work on these fields 
which do not contain brazed wires. Under 
certain conditions of work these brazed 
wires break soon after the rope has been 
put to work, but I do not consider that there 
is much to be feared from this cause, as it 
is almost always possible to judge the 
amount which the breaking strain has been 
reduced by a broken braze. We know the 
size of the wire and the strain per square 
inch to which the wire has been drawn, and 
it is a simple -matter to calculate the break- 
ing strain of the wire. Speaking generally, 
this will be Very nearly a reduction in the 
breaking strain of the rope. When the wires 
begin to break through some deterioration 
in the steel, .which can be seen by a con- 
siderable number of wires breaking through- 
out the rope at unbrazed places, it is usually 
time to remove the rope. Sometimes it is 
possible to keep a rope on until two or more 
wires are broken together, or very close to 
each other. At times the wires of a rope 
wear down to such an extent that the factor 
of safety is reduced below 6 without a 
single wire in the rope breaking, in which 
case, of course, the rope would have to be 
removed. I do not think Mr. Vaughan will 
object if I say that I think his opinion is 
that with a rope longer than, say, 2,000 ft., 
the factor of safety could be very much less 
than with a shorter length. As the rope is 
wound up the factor of safety increases with 
the diminishing weight of the rope, and if 
Mr. Vaufifhan's theories are correct, I think 
that the factor of safety for great depths will 
very much be reduced in the future. 

Mr. Johnson : There is one point in Mr. 
Heather's paper to which I should like to 
refer. I think Mr. Heather has been re- 
ferring all the time to a rope of 6 round 1 
construction. I should say his remarks, 
anyhow, would be modified considerably 
with a diflFerent construction of rope, for in- 
stance, with a composTte rope of 9 round 3. 

The President : It may interest the mem- 
I bers to know that one of our members told 
me a little while ago that he would very 
soon be able to provide mechanical en- 
gineers with a small instniment which 
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Mould enable the engineer not only to de- 
ternaine the external wear on a rope, but 
the internal corrosion also. 

Mr. Vaughan : I can back up to a certain 
extent what the President says, and I 
think there is a possibility of the success 
of the instrument. I believe it is possible 
that the sectional area of the wire remaining 
in the rope may be ascertained from Indica- 
tions given by the instrument. Of course, 
that will form no guide as to the number 
of broken wires inside the rope. In ropes of 
compound construction the wires may not 
only be broken, but they may be seriously 
dented into one another and worn in certain 
parte. In my experience of ropes which 
have broken, it has generally been the result 
of severe strain, due to such- causes as 
overwinding, or jamming in the shaft. 
Oenerally, the breaking of the rope ha« been 
accountable, but there have been cases 
lately brought to my notice in which the 
deterioration of the rope has been apparent- 
ly unaccountable. For instance, the break- 
ing of wires which are very little worn on 
the surface at all, and that have sub- 
sequently shown very little wear under- 
neath. The wire has broken in practically 
.its original fulness, due apparently to its 
having deteriorated in quality — in fact, be- 
•come brittle. I have referred this matter 
to Prof. Arnold, who is coming out here 
with the British Association. I do not know 
M'hether it will draw from him an explana- 
tion. But I hope it will, because he is an 
expert in the deterioration of steel under 
stress. I sent him several specimens of 
broken wires, taken from a rope which 
showed very little indication of surface wear 
at all. I do not think we shall be troubled 
B great deal in the future by ropes having 
too high a factor of safety. In deep level 
winding the inital factor of safety is sure 
to.be reduced, say, to 7 or 8, and there will 
be the difficulty then of the engineer assess- 
ing the strength remaining in the rope. He 
will have to go into the matter very care- 
fully. Begarding Mr. Thomas's remarks. I 
did write a paper trying to show that after 
a certain depth was reached — roughly, when 
the weight of the rope was equal to a third 
of the load it carried — a certain position of 
comparative safety was reached, and pro- 
ceeding lower after that point a reserve of 
strength was all that was necessary. I 
am now in the unfortunate position that my 
views have not been either traversed or 
corroborated. If corroboration is forth- 



coming, we may possibly look forward to a 
reduction in the iactor of safety at great 
depths, in the provision 1 of a reserve of 
strength, and not necessarily a multiple of 
the load. 

4 

Mr. W. H. Shaw : I had rather a peculiar 
experience some two or three months back. 
It was found that with a rdpe that had 
been in use for about two years the wear 
was fairly equal, but one morning, about 
an hoiu" after inspection, six wires were 
four^d to be broken; strange, to say,' at. 'a 
part that was not worn quite so much as 
the main part of the rope. When a rope 
is taken of! or turned round, I think it 
would bd advisable to open out the strands 
and - bend them to see what has actually 
taken place. The rope which I have re- 
. ferred to had an origmal breaking strain 
of 58 tons, and when tested at the Govern- 
ment laboratory it showed a loss of only 2 
tons. 

Mr. Thurston : I think it is very easily 
explained why Mr. Vaughan *s paper has 
not been criticised to the extent it deserved. 
When Mr. Vaughan wrote the paper he took 
great pains with it, and to disprove the 
statements therein involves an amount of 
time that very few people can devote. The 
paper is an excellent one, and I am per- 
fectly in accord with flie author's theories 
with regard to long ropes, especially after 
I had seen the methods of arriving at them. 
I think Mr. Berry is also right in his 
remark that a new rope shows the greatest 
amount of wear during the first month. This 
may be accounted for by the fact that the 
amount of wearing surface during the first 
month is smaller than after the rope has 
been in use for some time. There is another 
factor which I think enters into the life of 
a rope, and that is the changing ot the 
nature of the material. We all know that 
acid water in a mine has such a deteriorat- 
ing effect on cast-iron or steel that in the 
course of time it is possible to cut either 
of these metals with a knife ; how the in- 
strument to which Mr. Whittome referred 
will take into consideration this change I 
am curious to know. The thorough ex- 
amination of a rope is a proceeding requir- 
ing much more time than as a rule is given 
to the resident engineer for this purpose. 
In fact, it would mean the suspension of 
hauling for two or three hours daily, which 
is absolutely out of the question. It is- 
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not to be expected that the resident en- 
gineer is a rope expert. Other duties in 
connection with his calling leave him but 
scant time to devote to the study of ropes, 
consequently it is only after long practice 
• that his judgment becomes of value. More- 
over, at the present time an engineer has 
but little to guide him, and recent events 
have a tendency to make him conservative 
and condemn ropes that would in the 
ordinary course of events last considerably 
longer. The personal element also enters 
largely into the examination of ropes. As 
an instance, six engineers may examine a 
rope, five of whom may say that the rope is 
fit for use, while the other may Bay it is 
not. From this it would only be fair to 
assume that the rope could be used, yet if 
it was to fail shortly after, the judgment 
of the majority would seem to be at fault. 
Cases of this kind are not impossible in 
practice. Eopes have been known to fail 
shortly after they were pronounced by ex- 
perts as fit for use. I think if some regu- 
lar and accepted method of examining a 
rope could be devised, in order that the 
resident engineer could act on this method 
and Bay that according to the accepted 
method the rope should or should not be 
used any more, it would be the best conclu- 
sion that could be arrived at. 

Mr. Vaughan : Eegarding that rope I 
spoke about just now, just to show mem- 
bers how things go, I may say it was put on 
on the 9th October, 1904. It was short- 
ened on the 20th October, and on the 4th 
December there were four broken wires. 
The rope was very carefully examined. I 
think the rope passed through the hands of 
eight kaffirs, as well as being watched by 
the manager, engineer and rigger. On the 
1st January four more wires were broken, on 
the 8th five, on the 15th fourteen, on the 
22nd twenty-two, on the 29th twenty, and 
on the 5th February twenty-nine. Of course, 
it is just possible that the same wire may 
appear as the broken wire many times, but, 
as far as breaks in the wires go, there were, 
roughly, 100 breaks. I do not know how 
many more it will show at the next exam- 
ination, but large increases may be ex- 
pected. That rope is very little worn on 
the outside at all, and it becomes a ticklish 
duty for the engineer to assess the strength 
remaining in the rope. 

Mr. Thurston : I should like to know the 
size of the pulleys on which the rope is 



working, and whether there are any re- 
verse bends on the rope. As we all know, 
the diameter of the wire compared with the 
diameter of the pulley has a very great in- 
fluence on the life of the rope. 

Mr. Vaitghan : As regards the size of the 
pulleys the rope is pretty well off, but there 
are one or two reverse bends, 

Mr. Berry: Another important factor 
comes iu. Has there been any change of 
engine drivers? 

Mr. Johnson : I think it is a verv inter- 
esting case that Mr. Vaughan has just 
cit'ed, and I should like to ask Mr. Vaughan 
if he can tell us if it is entirely due to the 
rope that all these wires broke, or is it due 
to the engine? 

Mr. Vaughan : I think, gentlemen, I 
have said enough. 

Mr. Thurston: I have noticed that one 
of the worst features is where there is a 
small drum containing a number of coils, 
when the rope mounts up on a fresh coil a 
shearing action takes place, w^hich never 
fails to break the wires. 

Mr. Thomas : I agree with Mr. Thurston. 
I have seen ropes in vertical work in which 
the portion of the rope on the drum is the 
only portion enough worn to cause the re- 
moval of the rope. This portion is the 
under layer, and part of it would never 
come off the drum. The conditions under 
which this might happen are when loads 
are hoisted at high speeds and the ropes 
coil one layer over the other on the drum. 
Mr. Vaughan says that he has not had any 
corroboration of his theory in regard to the 
factor of safety in deep levels. In regard 
to this I should like to give a few facts 
which have come to my notice from time 
to time. In one case, in a sinking shaft, 
the bucket swung and pulled out two wall- 
plates. The rope in this case was a J -in. 
diameter plough steel rope, with a breaking 
strain of 27'2 tons, and the factor of safety 
at the top of the rope was 9*4 tons. In 
another instance the bucket caught and the 
bridle was sprung, allowing the bucket to 
fall into the bottom. In this case also the 
rope was a f-in. diameter plough steel. In 
a third instance, with the same size of rope, 
the bridle of the bucket was broken. On 
investigating the condition of the iron of 
which the bridle was composed, it was 
found to be slightly crystalised, but the 
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8tt*ain necessary to break it would have 
been great. These things all happened be- 
low a depth of 2,000 ft. It might be pos- 
sible in every instance that the strain on 
thie ropes was not as great as it appeared. 
These cases, to my mind, all tend to con- 
firm Mr. Vaughan's theories. 

Mr. Leupold : Reference has been made 
to 6 over 1 strand composing the rope. I 
would like to mention that the central core 
wire of the strand is subject to a greater 
stress than the other ones. Prof. Hrabdk, 
in his well-known book, has shown that if 
the modulus of elasticity of a given wire 
be 100, then the modulus of elasticity of 
said wire laid in strand is 60, and when 
laid in a rope is "36, therefore the central 
core wire in a rope would be subject to a 
stress nearly double that of the other wires, 
therefore in calculating the strength of a 
rope the central w^ire of each strand should 
really not be considered at all, because it 
is subject to so much more stress. The 
practice, I believe, with nearly all makers 
is to make the central core wire of much 
milder steel, so that it relieves itself of the 
stress. 

Mr. Thurston : I believe that some rope 
makers do not take the central wire into 
consideration at all. 

Mr. Thomas : If the centre wires in the 
strands of a rope are of low strain material, 
the breaking strain of the rope will be lower 
than if these wires are of the same strain 
UK the outer wires. I think most of the 
rope makers agree that, under ordinary con- 
ditions of work, a rope gives better results 
with a soft centre w^ire in the core of the 
strands than with a hard centre. If it be 
necessary for the rope to have a very high 
breaking strain, the hard centre can be 
need. In taking a rope apart, I never found 
that a hard centre wire has deteriorated. 

Mr. Thurston: I have known ropes in 
use in which the centre wire was broken. 

Mr. Thomas : In calculating the actual 
breaking strain of a rope, I do not usually 
take into consideration the core wire, as I 
always deduct a certain percentage for loss 
in spinning. Among the different makers 
the methods of calculating the breaking 
strain of a rope varies. Some makers use 
the aggregate strength of the wires as the 
breaking strain of the rope, in which case, 
of course, a soft core wire should not be i 
considered. Other makers deduct a certain . 



percentage from the aggregate strength of 
the wires. By this method — if the core 
wires be soft and the total number of wires, 
including the core wires, be used for finding 
the aggregate strength of the wires — the 
percentage to be deducted for spinning 
would be greater than if the core wires be 
of high strain. These percentages can only 
be found by having ropes tested with both 
hard and soft core wires. In calculating the 
actual breaking strain of a rope, I always 
multiply the average breaking strain of the 
wires by the total number, and deducting 
the larger percentage. 

Mr. Leupold : I meant to say that ac- 
cording to the latest scientific researches it 
has been found that the core wire in the 
strand is subject to a greater stress than 
the outer wires of that strand, therefore the 
strength of this central wire cannot be 
counted on in the same degree as that of 
the outer ones. If any wire broke through 
stress, it would be the inner wire that 
would break first. That is not what happens 
generally, but this is owing to the fact that 
the outer wires are worn down to a fraction 
of their original diameter, whereas the inner 
wire is not worn down so. 

Mr. Johnson: If you have a 7-strand 
rope you must not allow your wires to wear 
more than half, but if you have 8 round 4, 
the amount of section which is worn away 
is very much less after you have got the 
outside wires worn down to a half. That is 
to say, you have still got four good wires 
inside. 

Mr. Thurston : Mr. Johnson might en- 
dorse my remarks a little further by sug- 
gesting that the Government should take 
this matter up. There is plenty of room for 
them to decide what method shall bo used 
for determining the factor of safety. When 
a rope is purchased it is taken on the manu- 
facturer's guarantee with regard to the 
breaking strain. Whether the centre wire is 
to be of yalue is a thing that should be 
settled by the Government. I agree with 
Mr. Leupold *s remarks regarding the stress 
on the core wire. Prof. Hrabak has brought 
the matter into great prominence. I might 
draw a comparison with the Lambeth cot- 
ton rope. Mr. Hart, who is an acknow- 
ledged authority on cotton ropes, will tell 
you that the inner coil of his rope is com- 
posed of strands which are not twisted very 
much. These strands take by far the great- 
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est strain that comes on the rope. The out- 
ride strands, which are used as friction 
bands and have considerably more twist, 
•are not taken into consideration with regard 
•to the sireng^ of the rope. I am very 
•strongly of opinion witia regard to. ropes that 
there should be certain definite rules laid 
down, so that when we are buying ropes it 
is 6Qt altogether left to the maker, who 
naturally wishes to sell a rope having ±he 
highest breaking strain at the lowest price. 

Mr. Vauohan: When the Committee on 
Standardisation met in this room we got 
through a certain programme presented to 
us, and as it seemed to me rather a press- 
ing need that there should be a standard 
specification for a wire rope, I proposed its 
formation. A committee has- now been 
elected which will attempt to draw up a 
standard specification for wire ropes. Asi a 
nnatter of fact, my experience is that the 
majority of makers disregard the central 
wire, or at any rate its value is altogether 
eliminated by the allowance made for 
spinning. Cases have occurred in which 
this central wire has been b^ken. Then 
it proved fairly hard steel. Whether it was 
originally hard, or had hardened with con- 
tinual use, I am unable to say. 

Mr. Heather : First of all I must apolo- 
gise for bringing up a paper that I did not 
originally intend should come up for dis- 
jcussion here. Mr. Berry, and I think Mr. 
Thurston also, mentioned the fact, that 
ordinary wire ropes appear to wear much 
more quickly at first. This corroborates 
what I said, that the more a rope is worn 
the slower the deterioration appears to be. 
In regard to wires breaking, Mr. Thomas 
referred to this as determining the life of a 
rope more often than the wear. That de- 
pends, it seems to me, altogether on the 
rope in question. 1 have seen wire ropes 
where the section of the outside wires have 
'been worn down to a quarter of the original 
section without breaking. I have also seen 
wires, that have never been round a drum, 
broken without any signs of wear, quite 
away from a braze. I think that is a ques- 
tion of the temper of the steel that it is 
made of. With regard to the construction 
of the rope, I think that is a point which 
certainly ought to be enlar^ged upon, 
whether it. is 9 over 3 or 6 over 1. I quite 
agree with Mr. Leupold when he says that 
the core wire of a 6 over 1 rope ought not 
to be considered as contributing at all to 



the strength of the rope. I may mention 
that this is not confined to wire ropes. I 
have seen a Manilla rope in which there 
was not a continuous length of 18 ina. 
where the core rope was not broken. I think 
that would show pretty well that you need 
not consider the core even of a wire rope 
with regard to judging the strain. Mr. Vaug- 
han mentioned that in deep level winding 
we shall probably come down to a factor of 
7 or 8, and if I understood him right he said 
that would mak« the engineer's work more 
difficult. I entirely disagree with him. I 
consider that if you start with a factor of 
safety of 7 or 8, and stop when you get 
dovvTi to 6, it would be very much easier to 
determine that point than if you start with 
double the factor of safety. I contend that 
the lower you put the factor of safety ^the 
easier it will be for the engineer to deter- 
mine when the external wear has gone far 
enough. Mr. Thurston raised the question 
of the proper determination of the time when 
the rope is finished. It seems to me that 
the only really valid way of determining 
whether a rope has a factor of safety of 6 
is to put six times its working load on to 
it and see if it breaks, and I would sug- 
gest that that be done every month. 
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WIRE ROPES USED FOR WINDING: 

THEIR STRENGTH, AND SOME 

CAUSES OF ITS REDUCTION. 
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The ropes dealt with in this paper are 
those in use on the Transvaal, and the 
working conditions referred to are the local 
conditions that exist on either our Gold or 
Coal Mines. 

It is not intended to describe the 
methods of manufacture, these, together 
with drawings and descriptions of rope- 
making machines, may be studied in re- 
cently published books, euch as Hrabak 8 
-Die Drahtseile," or Bucknall Smith ft 
** Wire: Its Manufacture and Uses. 
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The intention of the writers is rather to 
make public the results of experience 
gained in the examination and testing of 
wire ropes in . the Mines Department 
Mechanical Laboratory, and, as bearing 
directly on the subject of deterioration, -the 
writers present the views of several authori- 
ties on such matters as corrosion, galvanic 
action, and the action of nascent hydrogen 
on steel. 

The operation of winding is probably the 
most important of all mining operations. 
The output of the mine is dependent upon 
it in a double sense ; not only does it supply 
the means by which the miners travel to 
and from their work, but it also hoists the 
ore, the result of their labours, as well as 
in many cases dealing with the mine 
drainage. 

The wire rope may perhaps be regarded 
as the modt important item of the winding 
plant. Daily and monthly examinations 
are enforced by law, and, considering the 
serious nature of a failure in the rope, it is 
liardlj' possible to^ devote too much atten- 
tion to the matters affecting its condition. 

The duration of the working life of a 
winding rope depends to a great extent on 
its suitability for the work it is called on to 
perform. A rope of a certain grade and 
construction, which is specially adapted for 
work in one particular winding proposition, 
may not be successful, in fact may be a 
failure, if put to work in another shaft. 
While the duties of different ropes em- 
ployed under identically the same condi- 
tions are capable of compaxison, the duty 
of one particular rope in comparison with 
that of another rope working under different 
conditions is a difficult matter to assess. In 
the former case, the depths of working and 
all other circumstances being the same, the 
simple fcmnula 

Total ore hoisted ,, , i ^ • ^i 

j\ — 7 — 7 would apply, but in the 

Cost of rope ^^ ^ ' 

general case it appears to the writers that 

the correct estimate would be more nearly 

approached by a formula such as 

Mileaee run 'x v . i_ 

T^ \ p-~v ^^ bemg necessary, how- 

r actor of safety 

ever, to consider the true effective strength 

of the rope in comparison with the total 

effect of aX\ the destructive influences, and 

not merely the statical load, in estimating 

the real factor of safety of the rope. 



The cost of different classes of ropes to 
obtain the same factor of safety is very 

probably about the same. 

' .. 

Until the probable magnitude of the in- 
fluences producing stress and deterioration 
in the rope can be calculated, so long shall 
we continue, as at the present day, to 
create, by means of an arbitrarily fixed 
multiplier, a barrier against aooident, 
which, as we all know, does not in every 
case prove effective, and which, even while 
it may be safe, may not be economical. 

•Further, when the provision of this factor 
of safety appears lavish in its protection, it 
may for this very reason inspire a confi- 
dence leading to carelessness. 

The present contribution, together with 
another paper presented by one of the 
writers to the South African Association of 
Engineers dealing with the effects of kin- 
etic shocks* on winding ropes, will, it is 
trusted, serve to point attention to, and 
promote discussion on, this important sub- 
ject, and it may not be too rash to hope 
for some advancement beyond present 
practice. 

Steel, as it appears in our winding rope* 
to-day, is of far higher tensile strength 
than that used a few years ago, and while 
it is true that high tensile efficiency is 
obtained at the sacrifice of toughness and 
ductility, the extent of the sacrifice is not 
as great as many people suppose. 

This steel is manufactured from ** blister 
or cemented steel " by the crucible pro- 
cess, with the addition of carbon and man- 
ganese. The percentage of carbon in the 
product varies in different qualities from 
0.5 to about 0.8, and the percentage of 
manganese from 0.3 to 0.7. The percent- 
age of silicon is kept as low as possible, 
say 0.15, while phosphorus and sulphur are 
only tolerated in the most minute quanti- 
ties, their presence being fatal to the suc- 
cess of the drawing, annealing, tempering, 
and patenting processes that produce high 
grade wire. 

The tensile strength met with in wire 
ropes on these fields at the present time 

* *' An Investigation regarding the Effect of 
Kinetic Shocks on Winding Ropes in Vertical 
Shafts." A paper read before the South African 
Association of Enf^ioeers. by J. A. Vaughan, on 30th 
March, 1904. [See pages 67— 83.— Ed.] 
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varies from 00 tons* to 160 tons per square 
inch, and the meaning of the trade t^rms 
describing the varying quahties is appa- 
rently as follows: — 

•* Improved Plough" from 130 tons per 

squ are inch upward . 
** Best Plough " . . fromll5to ISOtons. 
" Plough " . . from 100 to IlStons. 

" Improved Patent Crucible" about 95 tons. 
" Best Patent Crucible " about 90 tons. 

It is provided in the Mining Regulations 
of the Tranfivaal that the breaking stress of 
the steel of which the rope is made shall 
be 8ta.ted in the manufacturer's certificate, 
so that no ambiguity or uncertainty exists 
on these fields, owing to the use of trade 
terms, as to the grade of steel guaranteed 
to be supplied in any rope, so far as ten- 
sible strength is concerned. 

The following tables, taken from Hra- 
bak 6 ** Die Drahtseile,'* show how the 
flexibility of high grade steel wire has in- 
creased in recent years owing to improve- 
ments in the methods of manufacture. The 
length of wire subjected to the torsion test 
was 200 mm. ( = 7.874in.), and the radius 
of the 180® bends in the bending test was 
5 mm. (=19685in.) 



Hrabak states that while in earlier times 
the modulus of elasticity of good iron wire 
amounted to about 16,000 kg. per mm.* 
( = 22,757,000 lbs. per sq. in.) and while 
that for hard steel came high above 20,000 
kg. per mm.* ( = 28,446,000 lbs. per sq. in.), 
the last amount has scarcely ever been 
reached w-ith the modem hardest drawn 
steel wire used for winding ropes (128 tons 
per sq. in.). 

At the present time in the province of 
Anhalit, Germany, the Mining Regulations 
pre«cribe the following minimum degree*; of 
flexibility for the wires composing the rope ; 
that is to say, wires taken from the lower 
end of the rope at the time 'of re-capping 
(every three months) must be able to 
stand : — 

Wires up to 20 mm. diameter (=0787in.), 
8 bends of 180® before breaking. 

Wires from 2*0 to 2*2 mm. diameter 
( = *0787in. to •0866in.), 7 bends. 

Wires from 2*2 to 2' 5 mm. diameter 
(=0866in.), 6 bends. 

Wires from 25 to 2*8 mm. diameter 
(=()984in. to llOin.), 5 bends. 



Experiments Carried Oi 


T Se 


•VKRAL Years . 


\go. 






Ultimate 

tenidle stress 

of material 

Tons of 2000 

lb. 


42-67 


mu 


106-67 


128 01 


Diameter of 
Wires (in.) 


•055 


•078 


•008 


C.65 


•078 


•008 


•055 


•078 


•098 


1 
•055 


•078 


•098 


Number of 
180^ bends 


27 


18 


14 


26 


17 


12 


26 


16 


11 


25 


16 


10 


Number of 
rotations 


60 


52 


40 


26 


22 


18 


26 


20 


17 


25 


19 


16 



Experiments Carried Out in 1900. 



Ultimate tensile stress of material 
Tons of 2,000 lbs. 


106-67 


Diameter of Wires (inch) 


•043 


0-47 


0-55 


0-63 


Number of 180° bends 


63 


36 


30 


23 


Number of rotations 


50 


42 


40 


34 



All tons mentioned in this paper are "short" tons of 2,000 lbs each, except where otherwise 
stated 
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Wires from 2'8 mm. diameter upwards 
(llOin. upwards), 4 bends. 

Kegarding the relation that exists betwen 
the tlexibihty and tenacity in high grade 
wire, the remarks of Mr. Kenneth Austin* 
ma}' be quoted : — 

** The demand for higher tensile strength 
for steel wire could be met, at present, only 
with an accompanying loss of ductility ; 
from inquiry he had found that wire mak- 
ers would not guarantee an increase of ten- 
sile strength above 120 tons per sq. in., 
without a corresponding loss in ductility of 
about one twist less for each ton added to 
the tensile strength of the rope. One of 
the tests for ductility was to demand a 
certain number of continuous twists, before 
breaking, in a wire which had a length of 
100 times its own diameter. The following 
were some of the standards : — 



Breaking stnin per sq. In. 
Tons. 

90 
110 
120 



Twist before breaking. 

38 
36 
32 



'* The tests for ductility were usually 
carried out by a machine Sin. between the 
grips holding the piece of wire; this length 
of Sin. was arrived at by multiplying 14 
\V-G ( = *080in. by 100 = Sin.; all torsional 
test-s being proportional and related to this 
standard.** 

He goes on to say that: — ** There was 
generally too little consideration given to 
the torsional test, and too much to tensile 
strength ; ductility was of the greatest im- 
portance, for the wire ropes when in use 
were turning round the whole time they 
were at work, in consequence of their spiral 
formation, and it was reasonable to assume 
were subjected to severe torsional strain 
when they were submitted to shocks." 

Writing on this latter point, Hrabak 
states that the torsion test appears to him 
to be of less importance than the bending 
test, as the wires of the rope, while being 
laid up in the process of the manufacture 
of the rope, or during its use, are not sub- 
jected to torsion to any extent. The test, 
however, is adopted to furnish testimony as 
to tlu* homogeneity of the material. 

Table 1. shows the results obtained by 
the writers in the Mines Department Me- 
chanical Tiaboratory in test.-* of wires of 



various sizes taken from new ropes. The 
ultimate tensile stress varied from 82*6 tons 
to 159 '8 tons per square inch. The num- 
ber of bendings (180°) over J inch radius 
obtained varied from 4*9, in the case of a 
crucible steel wire of •128" diameter, to 
50*7" in the case of a best plough wire of 
JL*051" diameter. To compare the number 
of bendings in different sized wires of dif- 
ferent grade steels is a difficult matter. The 
great difficulty lies in the fact that the 
breaking stress of the material decreases 
as the number of applications increases, 
and also it has to be remem»bered that the 
stress produced even at the first bending 
exceeds the elastic limit of the steel, judg- 
ing the latter by the tension test. The 
elasticity of the skin of the wire may, how- 
ever, be different fix>m that of the remain- 
der of the section. 

Regarding the test from any standpoint 

ultimate stress j i. • 

does not give a correct 



number of bends 
basis of comparison. The "writers have 
taken the square root of the number of 
bends in a formula 

ultimate tensile stress of steel x diameter bent over 



'Transactions. Institute of Mining and Metallurgy. 
Vol. XI. Part 1, page 248. 



^/number of bendings x diameter of wire 
which would give perhaps a nun>ber pro- 
portional to Eo, the modus of elasticity of 
tihe wire. Anyway, the approximation 
gives very interesting results. Column 7 in 
Table I. shows this comparison. 

In the torsion test, the number of rota- 
tions depends on the quality and size (dia- 
meter) of the wire under test. It has, 
however, also to be considered how- evenly, 
or otherwise, the spiral lines produced by 
the rotations are spaced along the length 
of the wire. This effect bears witness to 
the homogeneity of the steel, and can be 
obser\'ed by the feel, or by the appearance, 
in the latter case either with or without 
magnification. 

To comipare the number of complete tor- 
sions obtained from wires of various sizes 
and grades, the writers have, for want of 
any better formula, used the following: — 
No. of complete turns x diameter of wire x 

ultimate tensile stress of steel 
length of test piece (inches) 

the result being shown in column 9 of 
Table I. 

How far either of the above-mentioned 
comparisons is accurate will no doubt be 
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commented on in the course of the discuB- 
sion on this paper. 

With reference to the length of the 
specimen in torsion tests, which, as previ- 
ously stated, is generally 8 incn^s, the 
writers made a lew experiments with other 
lengths. The results they obtained seemed 
to show strangely enough that the length of 
8 inches was especially favourable, for the 
torsions per inch length decreased, both in 
lengths shorter and in lengths greater. This 
refers to effects noticed in wires of from 
•081" to •128'' diameter. 

Winding ropes in the Transvaal are in 
nearly every case composed of six strands 
around a hemp core, and, with few excep- 
tions, have the component wires of the 
strands twisted in the same direction as 
the strands are twisted in the rope, i.e., 
Lang's Lay. The lay is practically always 
right handed. On this point Mr. T. C. 
Futers* may be quoted : — 

** Lang's Lay ropes may be twisted 
either right-handed or left-handed, and 
they should be made according to the direc- 
tion they coil on the drum, i.e., if, when 
standing behind the drum and looking to- 
wards the pulleys, the rope coils from right 
to left, it should be laid left-handed, and 



vtce-versa. 



ff 



As the writers state, no such provision 
is made locally as a rule, and it is doubtful 
whether any extra wear is occasioned in 
the rope by the neglect of this point. The 
custom on the Rand is to secure the ropes 
on the outer sides of the drums, presum- 
ablv for convenience sake. Where the 
lead of the rope, from pithead sheave to 
drum, is very oblique, and there is a ten- 
dency of the rope to ** climb " (i.e., to 
mount on itself) on the drum, this tendency 
might possibly be counteracted by using a 
left-hand lay rope on that particular drum. 

There exists a great variety of construc- 
tions of the strands of the rope, but in prac- 
tically all cases the core is wire — generally 
a single wire. This construction Hrabak 
unequivocally condemns. He favours a 
liemp core in the strand ; he styles the 
strand with the wire core a ** stiff " strand, 
and rates it very high in the matter of 
bending stress, in fact, in the same grade 
as the hemp cored strands of a flat rope. 
Hrabak proves theoretically that the centre 

* " The Mechanical Enffineeriiiff of Gollieriee." 
Colliery Guardian. 16/9/04. 



wires of cores carry 62^% of the full load 
so long as they do not break or remain im- 
movable. He then goes on to show that 
the reason they do not break is that they 
remain gripped and in compression by lie 
outer wires. 

The only experience of the writers with 
hemp cores in strands of winding ropes was 
in the case of a flat rope. The strands in 
this case did not keep their shape well, and 
it may be anticipated that this disadvan- 
tage would also appear in the strands of « 
round rope, in which case the wires, by 
opening out, will allow the hemp core to 
get soaked with the mine water and thus 
tend towards deterioration by corrosion. * 

The number of wires composing the 
strands of round ropes in general use here 
(lin., l^in., and a few l|in. diameter) 
varies from 7 to 22, made up in the follow- 
ing manner: — 



6 round 1 

7 round 5 round 1' 

8 „ 3 ,, 1 
B „ T) „ 1 
8 „ 6 „ 1 
8 .. 7 .. 1 



ih 



e same 



size, 
circle 



»» 



»f 



W^ires all 
size. 

Wires differ in 
outside 
composed of larg- 
er wires and often 
of a little higher 
grade material. 



9 
10 
11 
12 



»* 



>> 



»r 



ft 



6 
5 
6 
6 



ft 



»y 



t* 



ft 



1 
1 

1 
1 



^ All wires practi'' 
cally the same 
size, tending to 
have outside wires 
slightly larger, 

say -003 in. differ- 
ence. 

8 round a flat wire core of same grade as 
outer wires. 

9 round 3 twisted in opposite direction to 
outside wires. 

9 round 12 round a triangular core. 

There are only three flat rope windini? 
engines in operation on these fields now, 
one of which will soon be discarded, and 
the writers are therefore not noticing flat 
ropes specially. 

The Mining Regulations prescribe that 
the breaking load (as certified by the manu- 
facturer) of every new rope shall be entered 
in the Rope Record Book. For these cer- 
tificates to have any exact value, there 
should be, among rope manufacturer^, 
absolute uniformity in the methods govern- 
ing their assessments. Such uniformiity 
certainly does not exist on these mining 
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fields, and apparently in British colliery 
work the same difficulty is encountered. 

Mr. Futers, writing recently in the CoUi- 
ery Guardian', states: — 

** Considering the importance of the 
work depending upon the winding rope, i^t 
seems a pity that some standardisation has 
not been adopted. Manufacturers issue 
lists, some fairly complete, others very far 
from complete, and the breaking strains 
are usually given under such terms as 
plough steel,' * patent steel,' * mild 
steel,' and * iron,' but the quality of the 
steel — as * plough steel,' for instance — of 
one maker may be of very much higher ten- 
sile strength than another; and again, some 
makers give the aggregate breaking 
strength of the wires, as the breaking 
strength of tlie rope, which is not the case, 
the latter varying from 10 to 30 per cent, 
less than the former. It would appear, 
then, that such terms as * plough steel,' 
etc., should be made obsolete, and the rope 
listed as manufactured from steel, with a 
certain tensile strength of so many tons 
per square inch, depending upon the qual- 
ity of the steel used, and the ultimate 
strength of the rope should be given, which 
will be somewhat less than the total ulti- 
mate strength of the wires." 

The writers certainly favour a standard 
specification for winding rope — the tensile 
strength and ductility to be stated in some 
uniform and exact manner. 

Dealing now directly with the subject of 
the relation that exists between the 
strength of the whole rope and the aggre- 
gate strength of the wires composing it, the 
following quotations are given from Buck- 
nail Smith's treatise on ** Wire, its Manu- 
facture, and Uses," page 209: — 

** Mr. Biggart found that the strength of 
the component wires, individually consid- 
ered, was about 10 per cent, above that 
obtained when in the form of roping." 

From John A. Roebling's, Sons & Co.'s 
Catalogue : — 

** The strength of wire ropes depends 
primarily ui)on the material of which the 
wires are made. It is hard to obtain from 
a sample of wire rope more than 90 per 
cent, of the aggregate strength of all of its 
wires in a testing machine, the average 
being about 82 A per cent. This is due to 
the difficulty in making perfect attach- 
ments to the ends of the test piece, in 
order that everv wire shall carrv its share I 



of the load ; to the fact that the inside wires 
of the strands are shorter than the outfride 
wires and tend to break before them, and to 
the construction of the rope, which causes 
the adjacent strands to nick each other. 
While the last mentioned action reduces 
the breaking strain of a rope, it occurs only 
at stresses far above those employed in 
practice. On account of the nicking, 
ropes with a short twist or ropes made of 
hard steel break at a lower percentage of 
the aggregate strength of their wires than 
ropes with a long twist or ropes made of 
soft wire. So that while it may be advis- 
able in certain cases to use a rope with a 
short twist, its breaking strain will be lower 
than if the twist were long." 

The writers have carefully examined a 
large number of new ropes broken imder 
test, and have failed altogether to detect 
any sign of this " nicking " or crushing 
effect of one wire upon another. Thtjse 
ropes were all Lang lay. The appear- 
ance of the broken ends of the wires 
was practically the same, in the matters of 
local elongation and reduction of section, as 
in the case of a straight wire broken under 
tension test. 

Table II. shows the results of tests of new 
ropes in comparison with the tests of their 
component wires. The 29 tests appearing 
first in the table were made in the Mines 
Department Mechanical Laboratory *rom 
samples supplied by nine different manufac- 
turers. The 11 following tests were made 
in England at two different well-known 
establishments. The length of the test 
specimens in the latter cases w^as • 100 
inches, which is about four times the length 
of the specimens in the other tests. 

It has been argued by some that tests 
conducted on short lengths of rope, sealed 
at each end, are likely to give low^er results 
in breaking load than might be obtained if 
the test specimens were much longer and 
if the individual wires were free to move 
and accommodate themselves to the rising 
strain. The writers have not found this 
view justified in the results they obtained, 
which are in practical agreement with those 
arrived at in other test houses with speci- 
mens of longer length. 

With reference to the preparation of test 
specimens, it may be stated that the sample 
supplied, whether old or new rope, is always 
** served " at the ends, and, if it requires 
to be further shortened, new serving is 
always applied, so that the sample prepared 
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for test remains under its original strain, 
and no untwisting of the strands or wires is 
permitted. The test specimens are cut so 
that about a 5 in. free end projects beyond 
the '* serving," and, in the preparation for 
test, the wires in these ehort ends are 
opened out, cleaned, and tinned. The ends, 
are then placed between split taper moulds, 
and a white metal seal is run on. See Fig. 
1, Plate I. When this metal sets each end 
of the specimen is held in a conical seal of 
a taper suitable to that of the gripping dies 
of the testing machine, and the lay of the 
wires of the part of the rope under test is in 
no way disarranged. The melting-point of 
the white metal is about 330 degrees 
Fahrenheit, and this heat does not lead to 
any annealing of the test specimens. As 
witness of this fact, the writers would point 
out that all test specimens break quite clear 
of their fastenings. The length of the pieces 
tested in the 50-ton (2,240 lbs.) Buckton 
machine is about two feet, clear of the 
seals. 

Strands of ropes are prepared for test in a 
similar manner, the conical seals on their 
ends being smaller and suitable for smaller 
dies. 

The single wires are tested for tensile 
strength in a separate machine of more 
delicate graduation. The ends of the wires 
are held, without any preparation, in self- 
gripping long- taper dies. Here, again, 
specimens usually break quite clear of their 
fastenings, and any test not so complying 
is considered useless. The torsion and bend- 
ing tests for wires are of the usual standard 
type. 

From Table II it will be seen that the 
tension tests conducted by the writers show 
a drop in efficiency for the wire ** laid up " 
in the rope of from 365 per cent, to 17*4 
per cent. 

In considering the question of how far 
these results may be taken as applicable to 
much longer specimens, or to a long rope 
under tensile stress, it should first be re- 
marked that the ends of each specimen are 
free to revolve, and do actually revolve as 
they require to, after overcoming the fric- 
tion of certain rubbing surfaces. In the 
case of a specimen of new rope the altera- 
tion in angularity between the ends up to 
the ultimate load has amounted to over 90 
degrees, while in an old rope the movement 
has usually been very slight. 

The untwisting noticed by the writers 
would, if multiplied, in a 1,000 ft. new rope 



loaded up to the breaking strain, amount to 
about 125 turns, and corresponds to a cer- 
tain extent with the ** spinning " action of 
a new rope noticed in practice. A complete 
comparison of the elongation and the un- 
twisting of the specimen might perhaps 
prove conclusively the correctness of the 
test, but the writers do not wish to lead this 
argument any further, as they feel con- 
vinced, as previously stated, that the test 
of a short specimen of the whole rope, if 
carefuUv carried out, is a fair test. 

The writers freelv admit that the results 
of their tests up to the present are not con- 
clusive as to the deductions that should be 
made on account of ** laid-up '* efficiency 
in ropes of different sizes and of different 
constructions. They merely state at pre- 
sent that a general 10 per cent, deduction 
appears reasonable. 

Table III shows the results of some tests 
carried out in the State University Labora- 
tory, California, on ropes of varying grade 
of about f in. diameter. Here may be seen 
a drop in efficiency of about 10 per cent. 
The length of the specimens tested in these 
cases was 12 inches. 

^^ A 200-ton (2,240 lbs.) Buckton Horizontal 
Testing Machine is now on order for the 
Mines Department Mechanical Laboratory. 
This machine will test specimens in tension 
up to 20 ft. in length, and possibly in the 
future some more definite information will 
be obtained regarding the actual tensile 
strength of ropes of all classes of construc- 
tion and of higher breaking loads than those 
now reported upon. 

The deterioration of a winding rope may 
take either any one or all of the three fol- 
lowing forms : — 

(1) Decrease in the sectional area of 
the wires ; 

(2) ** Fatigue *' or change of state of 
the steel, i.e., loss of certain desirable 
quahties, such as ductility, originally 
possessed by the material; 

(3) Discontinuity of the wires due to 
their breaking. 

Regarding (1) this may be caused b}' fric- 
tional wear or corrosion, and it may not 
be confined only to the outer surfaces of 
the rope and strands. 

Frictional wear is of course a necessary 
corollary to the working life of the rope. 
External friction is caused by contact with 
the drum and with other layers of rope on 
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the drum, by contact with the pithead 
sheave, and by contact with any other guid- 
ing or diverting slieaves or rollers met with 
in the trip. 

Circumstances that increase its external 
wear are the following: — 

Sheaves or guic^e rollers too heavy, their 
inertia causing chafing of the rope at every 
alteration of speed; 

Winding of the rope on the drum in 
several layers, especially so if badly coiled; 

Jerky running of the winding engine, e.g., 
stopping or starting too rapidly; 

Guide roUere or sheaves not working 
freely, worn unequally, or out of align- 
ment; 

Insufficient number of guide rollers in an 
incline or compound shaft, allowing the ropw 
to foul the foot or hanging wall; 

Flapping of the rope in a vertical shaft; 

Angular friction caused by lateral devia- 
tion of rope, or obliquity of direction of 
rope, between pithead sheave and drum ; 

Bad bearing in tread of sheave. 

lief erring to the last-mentioned cause, it 
is very necessary in the case of a new" rope 
of altered size or greatly different construc- 
tion to the rope preceding it, that the 
tread of the sheave should be turned up to 
suit the new rope. The same course should 
also be followed if the sheave is changed. 

Continual lubrication of the winding rope 
would, of course, diminish the w^ar, but 
the expense of the undertaking is sufficient 
to prevent such practice being adopted, 
apart, from the practical difficulties con- 
nected with the step. It may be noted, 
however, that haulage ropes are in some 
cases kept well greased by their running 
over a sheave pulley working in a box con- 
taining lubricant for the purpose, and the 
life of the rope is increased. 

On these fields it is the custom to treat 
the winding rope, about once a week, with 
a composition which is supposed not only 
to lubricate the rope, but also to preserve 
it from corrosive action. Table IV. shows 
particulars regarding the compositions in 
use at nine mines. The best dressing for 
the rope would be one of neutral, or pos- 
sibly alkaline, reaction, and of such con- 
sistency that it will not only remain on th«^ 
rope under all working conditions, but will 
also penetrate to the int-erior. 



From Table IV. it will be seen that the 
compositions used are not in every case the 
best possible. 

Internal frictional wear is caused by the 
pressure and rubbing of one wire against 
another, either in the same strand or in an 
adjacent one. Every alteration of stress in 
a winding rope tends to alter the spirality 
of the strands in the rope, and that of the 
wires in the strand, so that, in ordinary 
working there must always be friction be- 
tween adjoining wires. This action may 
be more severe, and its effects more 
marked, on account of the following causes : 

The want of internal lubricant; 

Badly trimmed joints of the wire. Brazed 
joints should be filed or ground smooth and 
reduced down to the same size as the wire ; 

Bending of the rope round a curve of 
small radius; 

The core wires of stninds being of high 
grade steel, or of special section with cut- 
ting edges such as ^. 

The two latter effects are more severe in 
ropes with long ** lays " of wires or strands, 
as also in some ropes of compound con- 
struction in which the wires are not of the 
same grade steel. 

Regarding the matter of internal lubrica- 
tion, it is the general custom in the manu- 
facture of the rope to soak the hemp corw 
with some lubricating composition, but 
there appears a great deal of difference be- 
tween the ropes, of different manufacturers 
in this respect, in . the matter of the 
thoroughness of the greasing. 

In some cases, owing to the process of 
manufacture, the hemp core provides prac- 
tically a reservoir of lubricant, while in 
others it may be likened to a dry sponge 
ever ready to absorb naoisture. When a 
new rope is put on it should be thoroughly 
treated with the composition before the 
mine water gets a chance to wet it. Th's 
course may not be absolutely necessary in 
all cases owing to the manufacturer's fore- 
sight, but it is a prudent course to adopt. 

In Mr. Biggart*s experiments it was found 
that in the working life of ropes, imder cer- 
tain conditions, the destruction of the rope 
was more due to internal cutting friction 
than from any external wear. The applica- 
tion of oil or other lubricant capable of per- 
meating the rope was found to materially 
mitigate this internal wear. For example, 
one rope If in. circumference, ran over a 
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lOi in. diameter pulley 10,000 times iin- 
oiled, and with lubrication 38,7(X) times; 
while a similar rope unoiled ran over a 24 
in. diameter pulley 74, (XX) times, and wlleh 
lubricated 386,(XX) times. 

J)ecrease in the sectional area of the wire 
in the rope, as well as the breaking of the 
wires, mav be the result of some accident, 
such as : — 

J)erailment of tlie skip in incline shaft; 

Mounting of the rope oil the pit-head 
sheave ; 

Kinking of the rope during unreeling, or 
on occasions when the stress is taken off ; 

Impact with othe»r bodies, falls of rock, 
etc. ; 

Jiurning by electric discharge from fallen 
cables, or other source. 

In the case of any accident such as above 
mentioned, the rope would naturally be 
carefully examined, and no difficulty would 
be experienced in locating the damage sus- 
tjiined by it. 

Kusting ' or corrosion also contributes 
largely to the wasting away of the substance 
in the rope. 

It is not possible generally to keep wind- 
ing ropes dry, and mine water very often 
contains free sulphuric acid and salts, such 
as ferrous sulphate and ferric sulphate, 
which accelerate the corrosion whicli would 
occur slowly, even in their absence, from 
the presence of water, oxygen and carl)onic 
acid. 

Analvsis of water from one shafts 
showed : — 

ll) P>ee sulphuric acid ^ ■02r)7 per cent, or 
18'0 grains per gallon. 
Acid salts (calculated as H.SO,) ^18*4 
grains ])er gallon. 

Total acidity = 49(5 grains i)er gallon. 

NoTK. — There is much ferrous sulphate 
present. 

(2) Free sulphuric acid :'OHH) per cent, 
or 13"7 grains per gallon. 
Acid salts (calculated as H.,S().) = 21-3 
grains per gallon. 

Total acidity = 48'8 grains per gallon. 

NoTK. — jMuch frrric sulphate is j)resent. 

Doubtless manv mine waters are worse 
than tbe above quoted. One analysis was 



referred to^^^ last November in this Associa- 
tion that showed 120 ga-ains of SO, per 
gallon. 

The writers heVe put forward some che- 
mistry notes dealing with the subject, and 
culled from the works of several authorities. 

The corrosion of steel or iron is more 
essentiallv due to oxidation than to the 
direct solvent action of acids, although the 
latter enliances the severity of the attack. 
With iron immersed in sulphuric acid we 
have the action indicated bv the equation : — 
Fe + H^SO, ^FeSO, + H,. but the action is 
slow even in solutions containing up to 1 
per cent. 

On the other hand, the oxidation of steel 
or iron, connnonlv known as rustinsj, is 
es])ecially rapid and far-reaching, because 
the rust first formed does not protect the 
rest of the metal, but rather increases its 
corrosion. The simultaneous presence of 
HoO, O2 ajid an acid (generally HgCOs) is 
necessary for the rusting of iron, but little 
rusting occurs in the absence of any one of* 
these three. Moreover, the i)resence of an 
alkali, or evrn an alkaline carbonatt;, i>re- 
vents rusting. The rusting takes place in 
two stagj'S, as sliown in the following equa- 
tions :- - 

Fe + 211,(^0, FwH('(),),-fH, 

(ferrous bicarbonate) 
(soluble in water) 
2Fe(llC0,), + O -f ILO .. 2Fe(()H ), + 4C0, 

(rust) 
Since CO. is regenerated, a small quantity 
of COj will rust an indefinitely large quan- 
tity of iron. With the H, liberated in the 
first stage, some of the carbon of the iron 
will be removed as hvdrocarbons. Some of 
the hydrogen may be absorbed by the steel 
with deleterious results to the latter. Some 
of the iron in rust is j)resent in tbe ferrous 
condition owing to the reducing action of 
the metal on the ferric oxide already 
formed. This ferrous hydrate in course of 
time oxidises to ferric oxide, and so the 
attack on the metal is progressive. 

Equations : — 

(1 ) 8Fe(0H), + Fe - 8Ki«,(0H ), 

(ferrosoferric oxide) 

(2) 2Fe,(0n), + O -f H/) = ()Fe(()H)„ 
and so on alternativelv. the ferrous oxide 
Hcting as a carrier of oxygen from the air to 
the iron, and greatly accelerating the 
action. 



t See Appendix H, pa^e 20. CTOvernment Mining 
Kngiiieev's Annual Report, Part II, June 100-1. 
Dr. Jas. Moir, I). 8c. 



+Pa^e 116. '* .Journal of the Mechanical Kngineer's 
.Association of the Witwatersrand." Mr. J. R. 
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With mine water containing ferric on 
ferrous sulphate we shall get quick wasting. 
For instance, ferric sulphate Fe, (HOj, by 
alternate reduction and oxidation, will act 
as an oxygen-carrier and accelerate the rate 
of rusting of iron, the ecjuations being: — 

Fe..(SO,), + Fe^ 3FeS(), (1) 

2FeS(), + () + H,() = 2Fe(OH)SO, ... (2; 

(basic ferric sulphate) 
;iFe(()HjS(),-H Fe .3FeSO, + Fe(OH}, (8) 

(rustj 

The reactions (2j and (3 J go on alter- 
nately. This explains to some extent the 
rapid action of what are known as acid mine 
waters, there being a great acceleration of 
the ordinary oxidation process. 

In wrought or ingot iron the corrosion 
rises with the percentage of carbon, and 
this applies to steels with iinich combined 
carbon, liusting is increased by galvanic 
.iction, as. for instance, tinplate when the 
tin coating is broken. Similarly with iron 
railings coated with lead, corrosion occurs 
just above the junction of the metals. The 
same applies to copper-covered iron, the 
protection being satisfactory only so long as 
the coating is perfect. (ralvanised steel 
(with zinc), on the other hand, rusts less 
than steel, since zinc is attacked first, but 
it is very susceptible to chlorides (e.g., sea 
water), and also will not stand the action of 
the free acid in some mine waters. The 
thin coating of zinc on the wires of a wind- 
ing rope will very soon be worn through at 
the places where external or internal rub- 
bing OCCIU'S. 

In speaking of galvanised wire — i.e., wire 
coated witli metallic zinc to preserve it 
from oxidation — Mr. J. Bucknall Smith 
j-tates in his Treatise on tlu* Manufactiuv' 
and I ses of Wire: " This process consists 
in drawing cleansed wire through a batli of 
molten zinc (spelter), and whereby it re- 
tains a metallic film, forming a galvanic 
pair or complement. I^y virtue of the posi- 
tive properties of the zinc, this metal is 
attacked upon contact with air, moisture, 
or carbonic acid, and in this manner the 
iron or steel is preserved. Galvanis(»d metal 
will not. however, stand exposure to acid 
vapours, such as produced by products of 
cfimbustion. etc. 

(lalvanisfd wire is larjjelv used for 
most situatioiis, excepting smoky and sea- 
side* districts, although it should be under- 
stood that tlu' zinc coating is to some extent 
soluble in rain water; indet»d. its protective 
influence appears due to the formation of 



a film of oxide. If, however, any imperfec- 
tions exist in the galvanisation, the iron 
corrodes more rapidly than plain wire. . . . 
The elongational efficiency of iron and steel 
wire is slightly diminishea by the process of 
galvanising.*' 

A galvanic couple may arise from contact 
of two different kinds of iron, and even by 
lack of homogeneity in one piece of iron, 
two different varieties causing local galvanic 
action. Fiven \ariations in the proportion 
of yiu — that is to say, the manganese dis- 
j)osed irregularly — may be the cause of 
local action. (lenerally speaking, ** pit- 
ting *' effects are due to galvanic action, 
and the extent of deterioration is local. 

An interesting discussion* is now quoted 
regarding the process of rusting and its pre- 
vention. *' It has been proved that, though 
HjO and Oj are necessary for rusting, the 
presence of COj is not necessary, though it 
may accelerate the action. The efficiency 
of alkali in preventing rust is not due to 
withdrawal of CO^, but to the prevention of 
the formation of H.O^. I>ry inert gases 
have no effect on iron, and even with moist 
gases no action occurs unless the tempera- 
ture fluctuates, so that liquid water settles 
on the metal. Thus liquid water is neces- 
sary. Iron, immersed in water, saturated 
with Ha, N, or COa, did not rust, but in 
solution of Oa, or Oa + COa, it rusted. The 
effect of chemicals in aiding or preventing 
rusting in presence of water and Oa was in- 
vestigated. The following prevent rusting : — 
\aaC()„ (XH.UX),. 'borax, Ca(OH)a. 
XaaHPO,, NH,, KaCVaOr. K.FeCy., CrO,, 
KoCOa, and NaXO.. Rusting occurs witli 
the following:— XaCl, KCIO,, FeSO,, 
K,FeCy«. KNO,, and NaaSO,. The first 
series are compounds which destroy hydro- 
gen peroxide, and the second series does 
not. H2()2 rusts iron very rapidly, also Zn 
and Pb, whereas Cu, Ag and Ni do not rust 
in air and are not attacked by HaOj. 
Several analvses of rust give the formula 
HVi'i\. b/the " rusting " of zinc HaO., 
can be detected, but not in case of iron, 
probably because it is used up by the iron 
at once. 

(1) Direct decomposition of HaO by iron 
recjuires a high temperature. 



« « < 



* Rusting of Iron," W. R. Dunstan, " Proceed- 
ingK of Chemical Society " (Tendon), 1903, p. !.')(). 
Further details in " Proceedings of Royal Aililleiy 
Institution " (Woolwich). Vol. XXVI. 1899, No. o: 
and in '* Engineering.'' June, 1900: aho \r\ "Report 
(1900) of Steel Rails Committee of Board of Trade;" 
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(2) Action of carbonic acid on iron liberates 
Ha and forms FeCHCO,),. If O, is admitted 
the latter oxidises to rust and COj. 

(3) Electrolytic action occurs if iron is 
impiure, and Hj is evolved. This action is 
not checked by alkali. 

On the other hand, Dr. '7. T. Moody 
stated: ** The author finds that the sub- 
stances which prevent rusting do not act by 
destroying HjOj, but by their influence on 
the absorption of COa, e.g., H3O absorbed 
90*6 volumes COj, whereas 15 per cent. 
CrOa solution absorbed only 4*2 volumes, 
and 20 per cent, solution of NaNOj absorbed 
5*6 volumes. As for CrOa, its apparent pro- 
tection is due to its property of dissolving 
ferric oxide — the metal is attacked but re- 
mains clean. Oj and water do not attack 
iron until CO2 is admitted. 

The interaction of H2CO3 and iron is 
strictly comparable to that betw-een HaSO^ 
and Fe. In a week a saturated solution of 
COj with 500 grs. iron turnings yielded 635 
c.c. of hydrogen, and the solution contained 
•1 per cent, of Fe as bicarbonate. 

The author contends " that the primary 
action in rusting is the oxidation of ferrous 
bi-carbonate previously formed from COg 
and iron." 

Dr. Jowett (collaborator of Mr. Dunstan) 
said that " rusting is the sum of several 
factors," and insisted that the formation of 
HjOa is one of these factors. Although 
ordinary rust on analysis shows a little CO2, 
it approximates very closely to HFeOj. 

Mr. Chapman suggested that part of Dr. 
Moody's hydrogen might be simply due to 
electrolysis. 

In reply, Dr. Moody said that ** wet iron 
in ordinary air must have a layer of ferrous 
bicarbonate on it, and as the latter destroys 
H2O2, Dunstan 's theory can have no bearing 
on the practical question." 

Dr. Moody, in final reply, stated: " Salts 
of strong acids — sulphates, chlorides, etc. — 
have no retarding effect on rusting, and 
such compounds have no aflftnity for COa- 
Substances which retard rusting are in two 
classes: (1) of alkaline reaction, sodium car- 
bonate, hydrate, phosphate, borate, etc., 
which act by combining with COj and re- 
moving it; (2) salts of weak acids, nitrates, 
formates, acetates, ferrocyanides, etc., 
which are sensitive to CO2. The three 
metals rusting in air, Fe, Zn and Pb, are 

tProceedinga of rherrical Societv, London (1903). 
p. J57. 



also ones which are attacked by carbonic 
acid. The author finds that pure H2O3 does 
not attack iron, but it is very rapid if CO, 
or a trace of acid is added." 

In the compiling of the foregoing notes 
on corrosion the writers wish to acknowledge 
the very great assistance rendered to them 
by Dr. James Moir, Chemist to the Mines 
Department. 

It will be seen that authorities are not 
entirely in agreement as to the part played 
by CO2 in the corrosion process, but there 
is no possible doubt that corrosion of steel 
or iron does occur when CO, is present in 
suitable company, and also that the acids 
and salts contained in many mine waters 
lead to more or less rapid wasting. 

It is hardly necessary to remark that CO2 
is always present in the atmosphere. It 
exists in the air to the extent of '035 per 
cent, by volume. This percentage is found 
to be increased about three' times in the air 
of the upcast shaft of a mine; it t^en be- 
comes about '1 per cent. 

Sulphuretted hydrogen (H,S) is not en- 
tirely unknown in mine waters. It is en- 
countered occasionally in new workings 
when big rushes of water are struck. It 
probably collects in caverns, the drainage of 
whicli only takes place intermittently under 
ordinary circumstances — heavy rainfall 
starting the siphon flow. Its presence in 
mine waters will increase corrosive effects. 

It is not left to the persons responsible for 
the examination of winding ropes to discover 
the presence of acid or other impiurities in 
mine water, for in shafts where this enemy 
is present many other evidences force it to 
the notice of the management. In such 
cases special attention should be paid to the 
thorough dressing and examination of the 
rope. Whether any continuous treatment 
of the rope with alkaline solution would be 
effective in preventing the corrosion due to 
this class of mine water is a subject which 
may be left in the hands of the chemist. 

The writers carried out some experiments 
with wires, immersed in a 10 per cent, solu- 
tion (by weight) of sulphuric acid, to ascer- 
tain the effects (other than decrease in sec- 
tion) on the wire. Three strands were 
taken, one from each of three ropes of dif- 
ferent manufacture. The wires of these 
strands were unlaid, straightened and 
cleaned. Each wire was then divided into 
two pieces of equal length. Piece 1 was 
carefullv measured and tested for tensile 
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strength » elongation, bending and torsion. 
Piece 2 was bent thus |n to suit the ac- 
commodation in the acid bath in which it 
was then placed. After 91 hours one leg 
was nipped off, measured and tested. The 
two other legs were at once returned to the 
bath and left there for a further period of 
50 hours. Thev were then removed, mea- 
Rured and tested. The dish was not stirred 
during the test. Particulars of test results 
are shown in Table V. The action of the 
acid solution was different in its effects on 
the wkes. In some cases the corrosion 
occurred mostly as '* pitting," and in the 
others as " long scorings " (see Figs. 1 and 
2, Plate II). In all cases the action of the 
acid was much more violent in effect at the 
bonds, the places where the wires were 
extra strained (see Figs. 3 and 4, Plate II). 
There was difficulty in measuring accurately 
the sectional areas of the wires after the 
corrosion, and for this reason not much reli- 
ance can be placed on the figures showing 
the breaking stress. Possibly the tensile 
strength was a little reduced, but the capa- 
city of the wire to withstand torsions and 
bends was almost entirely destroyed. 

Regarding (2), the deterioration due to 
*' fatigue " or change of state of the steel, 
it is well known that the frequent applica- 
tion of a load well below that producing 
stress up to the elastic limit eventually 
produces ** fatigue " in steel. Reversals of 
the load accelerate this action. The fatigue 
shows itself by the steel becoming brittle. 
W.hether this is due to an alteration in the 
arrangement of the molecules of the steel, 
this changing from the fibrous to the crys- 
talline structure is a point on which scien- 
tists do not agree. Most certainly the wire 
becomes brittle and behaves as if the struc- 
ture of the steel had become crystalline. 

Mr. H. Marion Howe, in the work already 
referred to in this paper, goes into the ques- 
tion very fully and quotes evidence on both 
sides. He opens the subject by asking (1) 
do vibration, etc., induce coarser crystallisa- 
tion ; or (2) do they, without altering the 
shape or size of the crystals, increase the 
tendency to yield a crystalline fracture?, 
and concludes thus: — 

*' To sum up, while vibration and shock 
often cause rupture under light stress, and 
while it is proverbially difficult to prove a 
negative, we have, I think, every reason to 
believe that the granulation and crystallisa- 
tion of iron under vibration and shock is a 
myth. The word ** iron " is used, but the 



sense ** iron or steel " is evidently in- 
tended by the context. 

The wTiters are not in a position to offer 
an opinion on this very debatable subject, 
and therefore pass on to consider some of 
the mechanical causes that lead to this 
" fatigue " in winding ropes. 

The stress due to bending is probably the 
chief of these. 

Mr. Biggart's experience went to show 
that the severity of bending largely deter- 
mined the life of a rope, and that generally 
a rope lasted twice as long when only bent 
in one direction, as against those used under 
alternate stresses of flexure. It is well 
known in mining practice that the contra 
flexure exerted upon the rope that winds on 
at the lower side of the drum shortens its 
life in comparison with the top rope. It is 
also well known that, with proper sizes of 
sheaves, transmission ropes will l8«t for 
several years. 

The bending of the wires, as laid up in a 
rope, is less severe than if they were 
straight, the compound spiral form having 
the effect of lessening the bending stress. 
It is well to get a proper understanding of 
this action. 

Suppose a pull P to act along a straight 
strand. If w is the angle of lay of the 
wires, then the sectional area of wire cut 
through by a plane at right angles to the 
line of the strand will be sec oi times the 
aggregate sectional area of the wires. 

The pull P may be resolved into P cos w 
acting along the wires and extending them, 
and P sin w acting at right angles to, and 
tending to undo the strand — that is to say, 
to straighten out the wires. If any decrease 
of spirality occurs, as it undoubtedly will, 
P cos w will increase, and P sin w decrease, 
in proportion to the decrease in w Some 
slight decrease in the circumference of the 
strand also occurs, and the accompanying 
figure may be taken to represent the effect 
in any one wire, this wire of the strand 
being supposed to be rolled off into a plane ; 
the figure is exaggerated for the sake of 
clearness. The length of strand AC is in- 
creased up to N, while the length of wire is 
increased from AD ( = AB) up to AF. The 
ratio of the elongation of the strand to that 
of the wire is as 

CN DF CN BK CN BK 

AC * DA' ^^ ^ AC • AB'^"^ AC *• AC sec c 
i.e., as CN: BK cos «•>. 
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Now, because the angle HBG is equal to 
the anp:le BAC = co, therefore BM = BG cos 

co=CN COS to. 

For a very small decrease of the angle w, 
that is to say, if the line AF lies nearer to 




AH. then liK will verv nearly equal BM, 
which we have seen is equal to CN cos m. 
Thus we may say that practically BK— CN 
cos w. In this case the ratio CN : JiK cos 
o> becomes CN : CN cos- m 

or 1 : cos^ m, 
which is the result arrived at mathemati- 
cal! v bv Hrabak, who, however, does not 
allow for decrease in circumference of 
strand, but keeps the base FN equal to the 
base BC. 
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Hrabak uses ai to represent the fractional 
elongation of the wire, and a that of the 
strand. He obtains the result a, = a cos* o* 
for the wires in a strand, and ai = a cos' o> 
cos*^ c«>o for the wires in a rope. If the 
angles (o> and o*.,) of the *' lays '' in the 
strand and in the rope are about equal, then 
ai = a cos'^ CO X cos - w = a cos^ ci>. For a 
cable, a three times twisted rope, we havt? 
the value ai = a cos* w. 

Using the letters Eo, E and E, to repre- 
sent the modulus of elasticity of the straight 
wire, the modulus of the rope, and of the 
wire as laid up in the rope, Hrabak obtains 
from the results of experiments and calcula- 
tions, all of which are fully corroborated by 
the independent researches of others:— - 

For strands. For Ropes- For Cable*. 

E =0-6 Eo 0*36 E.. O^IO E.„ 

and from his own calculations, 

if w = 18" 

a^ =0-904a OSlSa 

~ =1106- 1-222^ 

a, a a 

El =M06E 1-222 E 

whence it follows : — 

El = 0- 6636 Eo 0-44 E„ . „ 

Eo, the modulus of elasticity of straight 
wire (if of plough steel) is equal to about 
28,500,000 lbs. per sq. in. The value of 
E, follows from this, for the wire in the 
rope, as -44x28,500,000 = 12,540.000 lbs. 
per sq. in. 

The bending stress may now be calcu- 
lated for a rope containing wires of S in. 
diameter, going over a sheave of D in. dia- 

meter, the formula being : — Stress^—Ej - 

If the ratio =- is equal to ^ .7^^ the bending 

stress will equal 10,450 lbs. per sq. in. 

Diagram 1 shows the bending stress per 
sq. in. in the wires of new ropes of various 
constructions, according to Hrabak 's assess- 
ment. 

It may be seen from the diagram how 
unfavourably Hrabak regards ropes that 
have wire cores in their strands, and also 
the high bending stresses that he a6sosse> 
for the wire in flat rope«. 

It will be noticed in the foregoin<,' re- 
marks that no. consideration has been paid 
to the size of the rope in which the wires 
occur. It appears to the writers that, the 
size of a wire remaining the same, its 
occurrence in a rope of large diameter 
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DIAGRAM I. 
Bending Stress in Wires of New Ropes. 
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would be more favourable than in a rope of 
smtillet' diameter. 

This remark is merely advanced to ques- 
tion in a small way the completeness oE 
Hrabak's theory. As a matter of fact, con- 
sidering ropes of the same construction, in 
the larger ropes larger wires always occur, 
but in the cases where alteration in con- 
struction allows of the same size wires 
being used in large as in small ropes, the 
large ropes should give more favourable 
conditions in the matter of bending. 

.Another point worth mentioning is that 
Hrabak's theory only applies to the wires 
as they appear on the outer surface of the 
rope. In proof of this statement the fol- 
lowing facts may be advanced. 

If we assume, what is generally very near 
the truth, that the angle of lay of the wire 
in the strand is the f^ame as that of the 
strand in the rope, we find that, when laid 
up in the form of rope, the angle made by 
the wire with the axis of the rope varies 
from to 2 to. 

In a Lang lay wpf the angularity (2 <-.) 
occurs in the wire when it is in the crown 
of the strand, and the value occurs when 
it is on the opposite side — i.e., touching the 
hemp core. The angularity of the wire 
varies around the circumference of the 
titrand from 2 w to 0, in each direction. 

With rope of ordinary lay the angularity 
of the wire with respect to the axis of the 
rope is on the crown of the strand i.nd 2 
"I on the opposite side. 

If the truth of this fact is difficult to 
grasp, an inspection of the cores of ropes of 
both lays will speedily prove convincing — 
the bedding marks of the wires will be 
plainly seen, practically parallel with the i 
axis in the Lang's lay rope, and at an angle 
of about 2 <u in the rope of ordinary lay (see ; 
accompanying illustration). I 

Bearing in mind that the bending stress 
in a wire is greater the nearer this wire runs i 
parallel to tlie axis of the rope, it will be ; 
evident why, in the ease of a rope of ordi- 
nary lay, the wires break so readily on the 
crowns of the strands. In this position they 
are not only ]>arallel to the axis, but also 
farthest away from it. This combination of 
unfavourable conditions does not occur in a 
Lang lay rope, and, moreover, where the 



wires do lie parallel to the axis of the rope, 
and are therefore badly situated us regards 
bending, they have the relief afforded by 
their bedding on the hemp core of the rope. 

It may be stated that owing to varying 
angularity of the wires composing the rope, 
the actual cross section — cut by a plane at 
right angles to the axis of the rope— is 
see ."w (and not sec. g m) times the aggregate 
sectional area of all the wires. 

The writers now pass on to consider some 
of the ■' lays " and " angles " met with in 
practice. 

From Mr. Bucknall Smith's treatise, be- 
fore referred to, the following extract is 
quoted: — ■ 

'■ The following information respecting 
the manufacture of successful haulage rope;^ 

I'HOTOGR.APHS OF HKMP CORES. 
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of useful sizes, made accoi-ding to the con- 
struction last described (I.ang lay), will be 
found instructive: — 
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Upon analysing this practice it will be 
noticed that the proportions the lays in the 
strands and ropes bear to the diameter of 
the roping range from about three and a 
half to two and a half and six and a 
half to nine times the diameters respec- 
tively — i.e., in order to maintain a requisite 
degree of flexibility the lays are reduced as 
the sizes of the cables are increased." 

The angle of lay (w) in the above quoted 
cases increases from about 18 deg. for the 
I -in. rope to 24 deg. in the case of the 2-in. 
rope. The size of the wires in these cases 
is not mentioned. 

The " lays *' noticed by the writers in 
new ropes of various constructions corre- 
spond generally with those mentioned in the 
table above. The length of lay increases, 
and the angle of la3- decreases, in the case 
of a worn rope. 

Turning now to consider partially-worn 
ropes, it is found that after a certain time 
in use the spinning effect in a rope is to a 
great extent eliminated. This corresponds 
to effects noticed during tests of samples 
of worn rope under tensile load. There is 
vt'ry little, if luiy, untwisting apparent. This 
may be due to the falling off in the elas- 
ticity (i.e., a raising of the modulus) in the 
material of which the wire is composed, to 
permanent set in cases where wires are very 
much worn, and therefore have small sec- 
tional area remaining, or to the flattening of 
the strands and wires, or to the general in- 
crease, from one cause or another, of resist- 
ance to untwisting. Strands with hemp 
cores might be expected to flatten out and 
lock more speedily than those with wire 
centres. 

If in a worn rope no untwisting effect 
takes place, we shall have Ei = E. But on 



the other hand E will be more nearly equal 
to Eo ; always remembering that the wires 
present a cross sectional area at right angles 
to the direction of loading of sec* w times 
these aggregate areas. See* 18" = 1"1, so 
to E, and therefore Ei, may approach 
very nearly equal to Eo- This means that 
the bending stress in the wires of an old 
rope may be much more severe than in 
those of a new rope. This point Hrabak 
also considers, but the writers have not 
been able to secure a full translation of his 
very useful treatise. However, diagram 2 
shows his results. 

Table VI., taken from the Government 
Mining Engineer's Annual Report, 1903, 
gives the general values existing on these 

fields for -^ • 

o 

Table VII, taken from the same source, 
shows the alteration that the inclusion of 
bending stresses makes in the factor of 
safety. These are assessed on the ropes con- 
sidered as slightly worn, and the values will 
be decreased as the ropes wear further. 

In local practice it has certainly been 
found that the brittleness in a rope is much 
more marked when it is subjected in wind- 
ing to a large number of reverse bends, and 
it is very probable that a winding engine 
with a light drum will also cause the same 
results on account of the uneven turning 
moment on the drum shaft. The writers 
have examined one winding plant where 
these results have occurred under the condi- 
tions stated. In this case the ropes only 
last about 16 or 18 weeks; broken wires 
begin to appear after the rope has been 
about a month in use, after which time the 
number increases very rapidly from week to 
week, until, in about the 16th or 17th week, 
as many as 10 wires break each day. 

It is found that the condition of the wire 
is such that one 180 deg. bend will break it, 
whereas it took eight or nine bends to 
accomplish this when the wire was new. 
In this particular case there was very slight 
frictional wear on the wires, which were 
practically their full size. 

In another case micro-photographs were 
taken of wires in a rope, samples being cut 
from a very much worn part, and also from 
the end which had been coiled spare on the 
drum, and which had therefore been subject 
' to verv little stress, and it was found that 
in the former case the molecular structure 
was entirely different from that in the 
latter. In this instance, however, the wires 
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DIAGRAM 2. 
Bending Stress in Wires of Ou) Ropes (Lc , after use). 
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were niuch reduced in size, due to wear, 
frictional or corrosive, or both. 

Tlie former case cited, in which the rope 
has been put out of use on account of a very 
large number of breaks in the wires, is not 
a sohtary case. Until further information 
as to the real cause of the deterioration is 
furnished, it is popularly attributed to 

fatijTue " of the steel, and it is fjenerally 
su])posed that the more bendings there are 
in the journey of the ropes and the more 
frequent reversals occur, the shorter the life 
til at may be looked forward to for the rope". 

There are, however, other causes that 
may tend to the peculiar effect of loss of 
ductility, while original size and appearance 
remain practically intact. 

Henry Marion Howe, in his exhaustive 
treatise on the Metallurgy of St^el, states: 

Exposure to nascent hydrogen greatly 
diminishes the flexibility of wrought iron 
and steel, and to a much smaller degree 
that of cast iron, and the transverse 
strength of steel and probably of the other 
varieties of iron. The elongation of the 
metal is often simultaneously diminished, 
though usually to a very much smaller de- 
gree, and it is m general affected in a way 
which is much less clearly understood; 
while the tensile strength and modulus of 
elasticity are affected but slightly, if at all. 

** The fracture of metal which has been 
thus exposed, if moistened while still warm 
from the effort of breaking, froths and gives 
off copious bubbles for 30 or 40 seconds, and 
even the unbroken metal evolves gas 
bubbles when first immersed in water, espe- 
cially if the latter be warm. The frothing 
power is destroyed, and the flexibility 
nearly, and perhaps quite completely, re- 
stored very rapidly by heating the metal, 
slowly by simple exposure to the atmos- 
phere at ordinary tem])eratures. 

Some or all of these effects are pro- 
duced when iron is immersed. A, in hydro- 
chloric, sulphuric or acetic acid, in the two 
former even if extremely dilute; B, in min(? 
water; C, if employed as the hydrogen pole 
(cathode) in electrolyzing common water, 
caustic soda, hydrochloric, sulphuric, or in- 
deed any acid, or neutral salts, the iron 
becoming vt^ry brittle though wholly uncor- 
roded ; while if em])loyed as the oxygen pole 
(anode) it is greatly corroded but "does not 
become brittle. Moreover, the metal ex- 
hibits the characteristic frothing after em- 
ployment as cathode, but not after acting 



as anode. J), if exposed to the weather. 
E, in electrolytically deposited iron. some, 
at least, of these effects are greatly exag- 
gerated." 

In support of these facts H. M. Howe 
gives the following authorities: W. H. John- 
son, A. Ledebur, D. E, Hughes and Stroh. 

These effects are not due to corrosion, but 
to the exposure to nascent hydrogen. This 
is shown by several facts: — 

(1) In the case of iron electrodes the 
effects vary directly as the exposure to 
hydrogen, but inversely as the corrosion. 

(2) The effects are hastened and intensi- 
fied by means which increase the evolution 
of nascent hydrogen ; among these we have 
the passage of an electric current, and the 
contact of the iron with metallic zinc. The 
latter intensifies the brittleness, both in the 
case of immersion in acidulated water and 
of exposiu'e to the weather, though it simul- 
taneously diminishes the corrosion of tlie 
nietnl. 

(8) That heating and rest, which expel to 
some extent the hydrogen, also remove 
these effects. 

•(4) That on filing away the exterior of the 
metal the interior is still found brittle. 

(5) That inmiersion in nitric acid, which 
does not ordinarily lead by its action on iron 
to the liberation of hydrogen, does not 
render the metal brittle, though it rapidly 
corrodes it. 

The nascent state is essential to these 
phenomena, as may be proved by experi- 
ment. 

It may be mentioned that the purest iron 
attainable is that prepared by electrolysis, 
and by the subsequent heating in vacuo to 
expel the hydrogen with which it is alwaj's 
associated in this process of deposition. The 
amount of hydrogen thus combined 
amounts to about 240 or 250 times the 
volume of the iron, corresponding with for- 
mula FcisHo. This form of iron containing 
hydrogen is hard and brittle, and is used for 
facing copper plates used for electroty|)e 
printing processes. Half of the hydrogen 
in electro deposited iron will escape when 
the metal is exposed to air at the ordinary 
temperature. 

Mr. L. (\ Moore* states, in dealing with 
the ** pickling ** process of tlie rods an<l 
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iarge wires during the drawing processes: — 
*■ The rods must now be baked, as, during 
the cleaning process, they have taken up a 
certain percentage of an element from the 
sulphuric acid, and they cannot be drawn 
until all this has been eliminated, and this 
can only be done by baking, and reqijiires 
a heat of about 400 deg. F. , and for a period 
of not less than 10 hours.'* This seems to 
point to an absorption of hydrogen, and a 
consequent brittleness which has to be re- 
moved, and apparently can be removed, by 
annealing. 

Regarding the third cause of the de- 
terioration of a winding rope, viz., discon- 
tinuity of the wires, sufficient has already 
been said on the subject of what are the 
probable causes of these breaks. It may be 
added, however, that unequal temper in the 
wire (the result of faulty manufacture) and 
unequal tension applied at the time of the 
laying up of the strands or the rope are 
defects tending to produce broken wires 
very early in the working life of the rope. 

It is a dfficult matter to say how far a 
rope has lost strength due to there being a 
number of breaks in its wires. In any given 
length it is even difficult to discover how- 
many individual wires are affected. If all 
the wires are of the same grade material it 
would be reasonable to assume that, where 
several had broken, the remainder must be 
strained near their breaking point. There 
is no doubt that a certain number of breaks 
in a given length of Lang's lay rope means 
more in the way of reduction of strength 
than in the same length of rope of ordinary 
lay, for the reason that the pinching of any 
smo^le wire, due to contact with those of 
Jidjacent strands, occurs in any given length 
at shorter intervals of length in the latter 
case. Mr. Bucknall Smith quotes a case 
ill which a rope sample, with all its com- 
ponent wires cut some 18 in. in advance of 
one another, lost very little in strength, as 
proved under test. This was possibly a 
rope of ordinary lay, and a now one. The 
writers will endeavour before the discussion 
on this paper closes to make some tests on 
samples of new rope with certain of their 
wires cut. 

They present now Table VIII, showing 
the results of complete tests of 24 samples 
f>f worn ropes. These tests were made in 
tile following manner: In the samples sup- 
plied (with ends well *' served ") about 8 ft. 
long, division was made so that three pieces 
of about equal length were secured. One 
piece was put aside foi* reference, the i 



second piece was tested as a sample of the 
whole rope, and the third piece was divided 
up into strands. Of the six strands, four 
were tested whole, and the wires of the two 
other strands, after straightening and gaug- 
ing, were tested singly, care being taken 
that each wire was broken in its most worn 
place. The results of all the tests of the 
wires of each rope were averaged and multi- 
plied by the number of wires in the rope in 
question. This aggregate strength of the 
wires, at their most worn placesj was com- 
pared with the load at which the whole rope 
broke, and also with the breaking load of 
the rope as assessed from the test of four 
strands. 

It will be evident to all that if lateral 
eupport or side friction of the wires in a 
short length is of any value as constituting 
strength in a worn rope, then there should 
be some big difference between the actual 
breaking load of the whole rope and the 
aggregate strength of the w^res (at their 
most worn sections). 

It will be seen, however, from the results 
set out in Table VIII that out of 24 tests, 
in 16 instances the whole rope gave the 
lower breaking load, while, in the other 
eight cases, with one exception, there was 
very slight difference. 

From the method, described above, of 
conducting the test, it will be seen that 
there possibly exists some slight difference 
in wear between the two samples from the 
same piece of rope, one of which is tested 
for strengths of wires and strands, and the 
other tested whole. One can only go by 
averages in this matter. The external ap- 
pearance of some of these ropes may be 
judged from the photos on Plates I, II and 
IV, the reference numbers under the photos 
corresponding with those quoted in the first- 
column of Table VIII. 

It appears, therefore, that no serious con- 
sideration can be given to the effect of 
lateral support in the wires of a worn rope, 
but that the strength of the rope should be 
assessed from the amount of steel remain- 
ing at the most worn places in each wire. 

It is verv noticeable in the fracture of a 
worn rope under tensile test that the rope 
does not break clean across any one plane 
section, neither do the strands break in this 
way, but the parting takes place along the 
lines of least resistance, the lines of fracture 
running down the wires and finding out the 
weakest spot in each ; generally this line is 
along the rubbing crowns of the strands. In 
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the case of a new rope the fracture occurs 
either clean acrOBS the rope or clean across 
two or three strands. 

In Plate I the above-mentioned fractures 
may he seen in the photographs of ropes 
brokea under test. Fig. 2 shows the ehnrac- 
teristic fracture of a worn rope; uiid Fig. 3 
of a new rope. 



must be thoroughly cleaned at selected 
places. 

It is the practice on Bcveral minpK to 
make the thorough examination every week, 
and in this way the rate of deterioration oi 
the rope is very carefully watched. 

For the thorough e^caminatlon of the 
winding rope it is necessary that the wind- 
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To ensure safety in the use of winding i 
ropes, their frequent careful inspection is 
absolutely necessary. The Mining Regula- 
tions of the Transvaal prescribe, in addition i 
to a daily examination, that at least once a I 
month the structure of the rope shall he j 
examined for the purpose of discovering the 
amount of deterioration of same, and for 
the purpose of this examination the rope | 
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ing engine should be worked slowly {i.e.. ut 
a speed certainly not more than 1 ft. per 
second), with the necessary signuljins: 
arrangements provided, so that the motion 
of the rope may be stopped immedlateiy in 
order that a minute examination can bc 
made at any desired spot. 

It is obviously necessary that when a ro|n- 
is to be thoroughly examined all grease and 
dirt on the exterior must ho removed. 
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It is desirable that the inspection of the 
rope should, as far as possible, be always 
carried out by the same person, and that 
explicit notes should be made in writing of 
its condition. 

liegarding external wear, places in the 
rope that should be especially' watched are 
those where contact with sheaves and 
pulleys occurs at acceleration or retardation 
periods of the hoist, and the writers con- 
sider that generally these places would also 
be likely to exhibit the greatest internal 
wear, excepting perhaps that portion of the 
rope nearest the skip or cage, which, 
although subjected to no rubbing wear, yet 
is exposed to the effects of internal drainage 
of moisture in the rope. If the conveyance 
is landed on chairs the release of stress at 
this end of the rope actually leads to a suc- 
tion effect in attracting moisture. 

At a position in the rope where it is de- 
sired to examine internally, this part should 
be brought to a point a little above the 
coHar of the shaft and the weight of the 
conveyance and dependant rope should be 
taken up by means of wooden -faced clamps 
resting on beams across the shaft. It is 
then possible, by means oi two ** Spanisli 
windla-sses, " to turn the rope in opposite 
directions, this leading to untwisting of the 
rope in a length of, say, three or four feet, 
and allowing the internal examination to be 
carried out. The lever bars used for the 
windless should be secured to the rope by 
hemp lashings, which also provide a pro- 
tected fulcrum, and the wires of the rope 
will not be injured. 

Plate III shows a photograph of a portion 
of rope under internal examination. The 
loosening of the strands is entirely *' taken 
up " when the statical load is returned to 
the rope. 

In estimating the reduction of the size of 
any wire due to wear, Diagram 3 may be of 
some assistance. This diagram shows the 
fractional area of circle remaining after a 
segment of known base and known lieight 
has been removed. Taking the diameter of 
the circle as unitv. there are for each value 
of tlie base two values for the heiglit — one 
greater than 0"5 and one less than 0"5. 
There should, however, be no uncertaintv 
or error due to this cause, as it is a fairly 
easy matter to see whether a wire is half 
used tlirough or not. The length of the 
base of the segment worn away can be mea- 
sured by the person examining the rope 
after the removal of anv side " ban*s." To 



estimate the height of the segment worn 
away in a portion of rope which is fairly 
uniformly worn, the writers advise a com- 
parison of the circumference of the rope at 
this worn part with the circumference 
of the rope at some place at either 
end of the rope where there is little 
or no surface wear, while at the 
Slime time there is the reduction in size 
of the rope due to untwisting and stretching 
under the working load. To measure these 
circumferences, wrap a fine wire or un- 
streljching cord ten times round the rope in 
each case. Dividhig each measurement by 
ten, the true circumferences are found, 
from which, by reference to Tables, the dia- 
meters of the rope at the two places 
under comparison may be arrived at. 
Subtraction of thefie diameters should 
give approximately twice the height 
of the segment of wire removed by 
wear. If the approximation is nearly cor- 
rect, and if the base of the segment has 
been correctlv measured, ilicer Uro values 
(height and base) nuist lie at the ends of 
the same horizontal line in Diagram 3. If 
they do not, there is sonie error, and one 
must try again. If they do, the point where 
this horizontal line cuts the curve indicates 
the fraction of circle remaining, and also 
the fraction that has been worn awav. 

In a rope of simple construction every 
wire appears at the outer surface ,within a 
short distance, and the wear oii each can 
be assessed in the manner just described. 
It is only necessary, then, to multiply what 
is considered to be the average amount worn 
awav bv the number of wires, and the total 
wear is estimated. From this follows 
directly the loss of strength, and a com- 
parison with the original strength of the 
rope gives the strength remaining in the 
lope. For instance, if the wires' have 2') 
per cent, of their area worn away, then the 
rope has lost 25 per cent, of its original 
strength. 

It will be noticed that the writers attach 
no imporance to the possible effect of lateral 
support between the wires. The reasors f^r 
this step have been given earlier in the 
paper. 

If the rope is of some conipound construc- 
tion -that is to say, if it contains other 
wires besides the core wires that do not 
evi'r come to the outside of tlie i*ope. 
and therefore are not subject to what 
has been called " external " friction — 
then it is necessary, bef(n'e assuming that 
these insid(^ wires are sound and intact, to 
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st'e tlmt tliey are so by opening out the rope 
in the manner before mentioned. 

When some of tKe outside wires are dis- 
covered slaek — i.e., *' standing up " — it is 
t^enerallv found that the inside wires have 
deteriorated, thougli whether as the result 
or the cause of the first observed effect it is 
not quite clear — probably the former — and 
almost certainlv so in the case of deteriora- 
tion due to corrosion. 

The estimation of the remaining strength 
in a worn rope is a very difficult matter in 
the case of a compound rope in which there 
is internal deterioration ; but if there is none 
of the latter, then of course it is easy. 
Suppose the rope to be composed of six 
Ktrands of 8/6/1 construction. If the out- 
side wires are worn 25 per cent, and the 
inside wires are gcx)d, then the remaining 
slrentjth in the rope is equal to the original 
strength of the inside wires plus 75 per 
<-ent. of the original strength of the outside 
wires. 

In case of local corrosive action, such as 
pitting, the effect of this must be judged as 
the sum of the effects observed in the single 
wires, in a length of, say, three feet, and it 
will be wise and prudent to imagine no 
lateral support. 

Jn case of general corrosion, examinations 
and tests of the portion of the rope removed 
at ** re-capping " should afford a fair guide 
as to the strength of the rope. 

The writers cannot too strongly recom- 
mend the practice of *' re-capping " at 
three-monthly intervals. One advantage of 
the practice has just been stated ; another 
is tliat the rope is. so to speak, ** shifted 
along." and the positions of greatest wear 
are altered : while a third important gain 
hes in the removal of that portion of the 
rope that has been subject to the most 
severe kinetic stresses. 

JiCgarding the loss of strength in a ro|)e 
due to broken wires the writers have already 
said something. Until further tests liave 
been made they do not feel in a position to 
sav more. 

Quoting fr»)m an article written by ^Ir. 
Charles W, Comstock* it is stated: — 

Tf tar is used as a protective coating, 
dose attention is necessarv to detect broken 

« 

wires. The })ractice in France is to deduct 
the «;reatest number of broken wires in any 
fine meter of len2:th from the total number 
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of wires composing .the rope, and compute 
the, factor of safety of the remaining wires ^ 
If this factor itj found to be less than eight,* 
the rope may be continued in service, but 
is no longer used for handling men. If it is 
as low as five the rope is retired from ser- 
vice. In this country (U.S.A.) smaller fac- 
tors are used for new ropes, and there is no 
uniformity in the methods for determining 
when a rope should be replaced, the com- 
mon practice being to use a rope until it 
breaks." 

Without further knowledge the writers 
would recommend that the total number of 
wires broken in a length of three feet should 
be taken to mean a corresponding reduction 
in the strength of the rope. If it cannot 
be ascertained with certainty that the frac- 
tures occur in separate and distinct wires, 
they should be assumed to do so. To 
make their meaning perfectly clear: If in a 
ro[)e of 3(> wires (neglecting six soft core 
wires) there are found six breaks in the 
wires of a length of three feet, and it cannot 
with certainty be determined that the same 
individual wire is broken in more than one 
place, then the rope should be considered 
to have lost strength in this part to the 
extent of 6 divided by 36, i.r., 16*6 per 
cent. 

The President (Mr. A. C, Whittome): 
It is hardlv necessarv to call attention to 
the important subject which has been so 
ably dealt with by the authors of this pa])er. 
The subject of wire ropes has been before 
us on two other occasions within the past 
few months, and that fact alone would show 
the interest our members take in it. This 
paper is far too important to be discussed 
hurrierlly, and in fact the mechanical por- 
tions of it cannot be adequately handled 
until the tables and diagrams are before our 
members, but T may say we hope to have a 
thorough discussion on the chemical side of 
the paper this evening. In speaking gene- 
rally of the paper, I should like our engi- 
neers to thoroughlv consider the verv im- 
portant points which have been emphasised 
by the authors. Taking these in sequence, 
the first is a comparison of the service per- 
formed by ropes in different shafts or on 
different winding engines. We must agree 
with the authors that it is only when the 
duty performed l)y ropes is identical that it 
is |)ermissible to compare their ])erform- 
ances on the basis of total ore hoisted, but 
I do not think we would obtain a correct 
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estimate by the use of the formula which 
they give — mileage run divided by the fac- 
tor of safety. I do not think any estimate 
of the duty of ropes can be considered as 
suitable unless the cost of the ropes figures 
as a component of the factor. Neither can 
it be deemed wise to consider only the ton- 
nage hoisted during the life of the rope. 
The mileage run does not depend on the 
tonnage hoisted, and I think that compon- 
ent factor should be changed from miles 
into ton miles. Then again it would not 
be fair to compare ropes working in shal- 
low shafts with those in deep shafts 
without taking into consideration the num- 
ber of trips, because of the stresses due to 
the acceleration and retardation of the load. 
I venture to hope that a satisfactory factor 
for determining the value of ropes under dif- 
ferent conditions of work may, during the 
discussion, be arrived at. The second point 
which struck me is the factor of safety. 
When I say factor of safety, I mean the 
Government Regulations regarding the fac- 
tor of safety, and I was very pleased to hear 
the authors' remarks on this important 
point. It appears to me that we are work- 
ing under very difficult conditions in taking 
as the authors say an arbitrarily high or low 
factor of safety. To argue from an analogy, 
on a railway system in foggy weather sig- 
nals can only be conveyed to the engine- 
driver by detonating signals, and as a natu- 
ral result trains run slow and the service 
becomes disorganised. It seems to me, as 
regards this factor of safety question, that 
we are still in the foggy phase and meet 
with delays and accidents, and we may 
hope that Messrs. Vaughan and Epton will 
help us to arrive at conditions approximat- 
ing more to daylight. The authors were 
also emphatic on the desirability of the 
standardisation of rope specifications. As 
mentioned at our last meeting, this matter 
has been taken up by the Standardisation 
Committee of the Chamber of Mines, and 
we rely particularly on Mr. Vaughan, who 
is a member of that Committee, to have 
that matter satisfactorily arranged. An- 
other important point w^as dealt with when 
the authors cited the various circumstances 
which cause external wear on the ropes. I 
hswi the satisfaction or dissatisfaction, some 
little time ago of seeing some very peculiar 
sheaves installed in a shaft at the turn from 
the vertical to the incline. These sheaves 
were so heavy that after eight or nine 
months a groove had been cut about l|in. 
deep by liin. diameter ropes, and one 



gentleman expressed the opinion that they 
were heavy enough to cause an overwind. 
One section of the paper which is very im- 
portant is that dealing with chemical action 
as causing deterioration of ropes. We are 
honoured by the presence this evening of 
some of the most eminent chemists on these 
Fields, and I propose to call upon them to 
contribute to the first section of the discus- 
sion. The final point which struck me in 
this paper is the emphasis which is placed 
by the writers on the necessity of a close 
inspection of the rope at frequent intervals. 
I would like to mention, having the sanction 
of Mr. Vaughan and the engineer of the 
mine interested, a very peculiar circum- 
stance with regard to a piece of rope Handed 
over to the Government laboratory for test- 
ing. Before it left the mine various opinions 
were given by men, all of whom were com- 
petent to judge, as to the breaking strain 
of that rope. These estimates varied from 
18 to 28 tons, the original breaking strain 
being from 62 to 65 tons. When it 
was broken the testing machine re- 
corded, I beHeve, about 40 tons. If 
the estimates of men who are quite 
competent to judge are from 30 to 60 
per cent, out, I do not see how anj^one can 
contend that an average engineer should 
be able to estimate within 10 per cent. I 
should like one or two of our American 
friends to tell us if the extract from Mr. 
Comstock's statement, as far as it deals 
with discarding ropes, is correct as regards 
American practice. I think we have too 
high a respect for American engineers to 
think that this is quite correct, and they 
will have an opportunity to say whether it 
is so or not. In declaring the paper open 
for discussion. I tender to tlio authors the 
heartiest thanks of the Institute and con- 
gratulations for the excellent paper they 
have presented to us. 

Mr. J. A. Vaughan : In justice to my- 
self and the other engineers who looked at 
that rope which Mr. Whittome mentions, I 
must say that in every case the estimate 
was made on the external wear only, and 
this external wear was not evenly distri- 
buted. 

Mr. A. F. Crosse: It is with great diffi- 
dence that I make any remarks on this in- 
teresting paper before gentlemen of your 
experience. There are only one or two 
points which I should like to refer to. The 
part with reference to the effect of nascent 
hydrogen on steel or iron w'ire was very in- 
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teresting, and I think a great deal could be 
done to examine the effect of nascent hydro- 
gen on steel wire, as to the structural 
change which is undergone. I think this 
could be got at in the following way. We 
all know that a very small proportion or 
percentage of impurity in a metal affects its 
malleability to an extreme extent. For 
instance, a very small proportion of tin or 
arsenic in gold affects the malleability of 
that gold. I should look upon a piece of 
steel wire which contained hydrogen as an 
alloy of hydrogen and iron, and it would be 
very difficult to determine a trace of hydro- 
gen chemically. But there is another way in 
which 1 believe it could be done. Electrical 
engineers will tell you that if there is a 
jjmall amount of impurity iu a copper wire 
it increases its resistauce to the electric cur- 
rent. Whv should we not use the same 
method with a rope which has been exposed 
to dilute acid, and ascertain whether hvdro- 
gen had entered into the wire and formed 
an alloy, and therefore increased the resist- 
ance of the wire ? I think that could be 
easily proved, and if so it would be of great 
value in testing the existence of nascent 
hydrogen. I have had a great many differ- 
ent mine waters to analvse, and I believe 
the deeper we get down more acid will be 
found in the water, owing to the larger sur- 
face exposed to the action of decomposition, 
and the action of acid water on a wire rope 
is a very important thing indeed. Our 
ideas on the physical conditions of matter 
are different from what they were formerly. 
We used to consider all matter as being 
divided into gases, liquids and solids, but 
now we know that nature does not draw 
such sharp lines of demarcation. For in- 
stance, it has been proved that in the case 
of a disc of gold on which a disc of lead 
has been placed that after a time the two 
metals mix together to a certain extent, and 
so we might find that hydrogen does get 
right into the metal and alter its structure, 
r.nd this would prove an interesting field of 
research for an electrician. 

Mr. A. Heymann : It gave me great 
pleasure to listen to this most valuable 
paper. ^Ir. Whit tome has ju-it forestalled 
me in what I was going to say, and I can 
only confirm now that the paper read to- 
night before you is of an exceptionally great 
value and importance, as it deals, apart 
from the technical advantages, with a mat- 
ter important to humanity, viz., the solu- 



tion of a problem which means safetv to 
hfe. 

As for criticising the paper I have just 
heard, I confess it is rather a difficult task — 
that is, as far as the chemical part is con- 
cerned. With most of what the authors 
say themselves and their conclusions I 
tuny agree, but that part where they bring 
forward several authorities and argue on the 
point is very contradictory, and in several 
instances totally wrong, in my opinion. Un- 
less it is cleared and these points thrashed 
out 1 am afraid it will not help us much to 
the solution of the problem. The last time 
I had the pleasure of being present at a 
meeting of this Institute I was greatly im- 
pressed by a paper read by Mr. Thomas on 
wire ropes ; so greatly was I impressed that 
I made up my mind at once to carry out 
some experiments as soon as time w^ould 
allow me. I approached Mr. Thomas a 
few days after, and he supplied me with 
wire ropes and also procured for me the 
same " acid " water of which he spoke so 
much, viz., from the Crown Reef shaft. 
Some of the results I have obtained, w'hich 
I will give you presently, will prove that 
certain arguments of the authorities brought 
forward by the authors are wrong. As, for 
instance, when one of them savs " it has 
been proved ( ?) that though HaO and O^ 
are necessary for rusting, the presence of 
CO2 is not necessary," and that ** the 
efficiency of alkali in preventing rust is not 
due to withdrawal of CO2, but to the 
prevention of the formation of HjO,." 
There is nothing simpler than to prove that 
COj is necessary in addition to HoO and 
O2. It is only necessary to carry out one 
of the experiments I have made to see for 
yourself that this argument is WTong and 
that it is essential to have CO. to produce 
rusting and that if you exclude CO2 no rust- 
ing will take place with the agencies of 
moisture and oxygen alone. I therefore 
fully agree with the argument of Dr. Moody 
that the primary action in rusting is the 
oxidation of ferrous bicarbonate previously 
formed from CO, and iron, also that the 
theory brought forward by Mr. Dunstan, 
and supported by Dr. Jo wet t, rr the H2O3 
is, to say the least, totally out of question, 
especially so where it is known that ferrous 
bicarbonate destroys hydrogen peroxide. 

To come back now to my experiments. 
I had two different wires : (a) crucible 
I plough steel and (b) galvanised steel. With 
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each I performed the same experiments ; 
cut them in pieces of about Gin. and fast- 
ened them on a piece of string in a vertical 
position. At about 6 — Sin. above them 
a row of bottles was an^anged, each bottJe 
provided with drip cocks and clamps so as 
to be able to adjust the flow of liquid. The 
bottles were filled (a) with ordinary water 
from the tap, (b) with the water from the 
Crown Eeef shaft, and (c) with a 10 per 
cent, solution of sulphuric acid. The last I 
made on the suggestion of Mr. Thomas, as 
it was asserted that the Crown Keef water 
was as '' acid,'* or rather corrosive as a 
10 per cent, acid water, if not more. Then 
I allowed the solutions to drip on the wire, 
at the rate of 2/) drops per minute, for 48 
consecutive hours. Some more pieces of 
wire I distributed as follows : — Immersed in 
a bottle of (a) ordinary water, (b) 10 per 
cent, acid water, and (c) Crown Reef water 
with no corks in bottles; another piece of 
each in ordinary tap water, previously 
boiled so as to exclude the air, and, after 
placing the wire in, covered it, the cork 
having a calcium tube attached so as to 
allow air to come in minus CO^. 

The results were as follow: — 

The original diameter of the plough 

crucible wire was OClSin., of the galvanised 
•06in. 

Crucible wire, after dripping for 48 

hours, plain water reduced to '060 

Crucible wire, after dripping for 48 
hours, Crown Reef water reduced 
to «. 057 

Crucible wire, after dripping for 48 
hours, 10 per cent, sulphuric water 
reduced to ...' -029 

Galvanised wire, after dripping for 48 
hour^i, plain water reduced to. Not touched 

Galvanised wire, after dripping for 48 
hours, Crown Reef water reduced 
to -056 

Galvanised wire, after dripping for 48 
hours, 10 per cent, acid water re- 
duced to -042 

Crucible steel wire, submerged in 
bottle not corked, plain water re- 
duced to 059 

Crucible steel wire, submerged in 
bottle not corked, Crown Reef 
water reduced to "Or)') 

Crucible steel wire, submerged in 
bottle not corked, 10 per cent, 
acid water reduced to AH eaten. 



Galvanised steel wire, submerged in 
bottle not corked, plain water re- 
duced to Hardly any action. 

Galvanised steel wire, submerged in 
bottle 'not corked, Crown Reef 
water reduced to •0575 

Galvanised steel wire, submerged in 
bottle not corked, 10 per cent, acid 
water reduced to '025 

Crucible steel wire submerged in 
bottle excluding CO2, plain water 
reduced to No action whatever. 

Crucible steel wire, submerged in 
bottle excluding COj, Crown Reef 
water reduced to Hardly any action. 

Galvanised steel, submerged m 
bottle excluding CO2, plain water 
reduced to No action. 

Galvanised steel, submerged in 
bottle excluding CO'^, Crown Reef 
water reduced to : No action. 

On analysis the Grown Reef water showed 
free H2SO4 20 grains jjer gal. Total sul- 
phuric oxide (SO) 3 38 grains per gal. I 
wish to emphasise here that often a need- 
lessly alanning view is taken on seeing a 
certificate of analysis. It might be *;tated, 
for instance, 50 or 00 grains per gal., or 
even more, sulphuric oxide, or perhaps even 
expressed as sulphuric acid. I have often 
heard an exclaijaation on seeing that, " Oh, 
how acid I" No, not at all! that doe^ not 
signify that the w^ater is acid; there might 
not be any free acid at all ! It is the free 
acidity that we have to fear, but this sul- 
phuric acid, which I now always put down 
as sulphuric oxide in order not to frighten 
the lay mind, might be and is invariably sa 
combined with a base that it will not da 
any harm at all to the wire, although it is 
another thing altogether with the boiler. 

This Crown Reef water nevertheless con- 
tains some free acid, and even more than 
at any mine I came across. Notwithstand- 
ing tins, we see from the experiment that 
it has very little more corrosive action than 
plain water; therefore the primary cause of 
corrosion is coniact vi'th air. Further, the 
less contact it has with air, the less the 
corrosive action, even when absolutely 
covered with water (when immersed in the 
bottles), and last, but not least, when the 
COa is excluded from the air it has no 
action. We see further from the experi- 
ment that no corriparison could be drawn 
between a so-called '* acid "water of a 
mine and a real made up 10 per cent, acid, 
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and that zinc galvanising of the wires helps 
very little if at all ; on the contrary, once 
the action starts it will only hasten it. 

Since we know what deteriorates our 
wires, it remains for us to find out now 
what would be the best means of prevent- 
ing it — the most effective means. No doubt 

tarring " helps a lot, but this has also its 
disadvantages — the difficulty of examina- 
tion. In no case would I recommend to 
use patent lubricants. Mr. Epton is quite 
right in remarking be careful what you 
are doing before mixing your lubri- 
cants; whereas separately they might 
not be acid or corrosive, when mixed 
a chemical combination might set in and 
free acid liberated. Before doing eo 
find out first the composition of this patent 
lubricant. But then, when you should find 
out, Vvhich I doubt anybody will give away 
their '* secret,'* there will not be any need 
to buy this, you will be able to make your- 
self for about a hundredth part of its 
price. 

The best remedy I should. say would be 
if we could cover the wires with a non-oxi- 
disable metal and not easily affected by 
acid, but I am afraid, although possible, it 
would be found too expensive. Another 
means I would suggest, if it could be ar- 
i*anged conveniently — ^a kind of a jacket 
holding a pound or two of a solution of, say, 
1 per cent, of carbonate of soda, through 
which the rope will have to paRs. This 
would neutralise any free acid the water 
might contain and would counteract the 
effects of CO,. 

Mr. John Watson : I have only to remark 
on one point, viz., in connection with what 
has been said on the effect of nascent 
hydrogen in steel used for such rope». It 
is a fact, well known to many chemists, 
and which I have repeatedly observed my- 
«5elf, in dissolving and reducing iron or iron 
oxide, with a view to determining the iron 
by the permanganate or the bichromate 
method, that, on addition of zinc and in- 
creased evolution of hydrogen the iron or 
iron oxide is dissolved much more quickly 
by the acid. Beyond this remark I have 
nothing to add to what has alreadj' been 
said by my broth€»r chemists hero this even- 
ing. 

Mr. J. WooDBURN : I have enjoyed and 
been greatly interested in the paper we 
have heard to-night, and when we get the 



full tables in the Journal we shall probably 
be able to put even a higher value on it. Of 
course when we enter into the chemical 
world we have to go more minutely into 
the subject. From a manager's point of 
view, the point of standardisation appealed 
to me very strongly, and if it can be ar- 
ranged in the future that when a rope is 
bought there shall be no doubt as to its 
strength and capacity that will certainly be 
a great help to those who are using ropes. 
I think from what we have heard to-night 
the conclusions arrived at by the authors 
may be summed up as good lubrication, 
which wull prevent this harmful effect of 
acid water, and careful examination of 
ropes. 

Kegarding the use of winding ropes, it is 
interesting to note that in Great Britain, 
where a large amount of mineral is hoisted, 
the number of accidents from the breaking 
of winding ropes is very low, and the Go- 
vernment regulations do not make it com- 
pulsory to use any form of safety catch. 

Mr. Wager Bradford : I can only add my 
appreciation of this paper. It requires a 
good deal of study before we can discuss it 
minutely, but it seems to me to mark a 
very distinct stage of progress in the prac- 
tice on these Fields. I can remember when 
I first came to this coimtry there 
was somewhat of tlie same lati-. 
tude allowed to the users of ropes 
that Mr. Comstock has attributed to our 
fellow practitioners in America, and I think 
it is a hopeful sign that this to a large ex- 
tent has been changed. Certainly we all 
desire to see the utmost safety in connec- 
tion with our winding operations, and the 
tests being made by our Government labora- 
tory, and the testing apparatus which they 
have introduced ana propose to introduce, 
are going very far to help us along. So far 
as the practice in my own country is con- 
cerned, I have taken care never to be pre- 
sent when one of those final rope tests men- 
tioned by Mr. Comstock was made. In cer- 
tain States there is strict Government 
supervision of mining operations for the 
protection of life, notably in the coal dis- 
tricts. It is the practice, however, to leave 
considerably more latitude to mine mana- 
gers and owners than is done here, and, not 
beiner under the Argus eye of the Inspectors 
of Machinery, they perhaps in some cases 
overwork their ropes. 
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•083 

•090 

•085 

•0814 

•0812 

•0463 

•0384 

•0481 

•0871 

•0S73 

•1046 
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Soft core wire 

Hard core wire 

Three strands had a soft core of one wire, and 

three strands had a cable core of fine wire 
Core wires partly hard and partly soft 
Soft core wire 

Core wires partly hard and partly soft 
Hard core wire 

do. 
Solt core wire 
Hard core wire 

Core wires partly hard and partly soft 
Hard core wire 
Hard core wire. ^Calculated from breaking 

load of strands 
Soft core wire 

do. 

do. 
Hard core wire 

do. 
Soft core wire 

do. 

do. 

do. 
Hard core wire 

Soft core wire 
Hard core wire 

do. 

do. 
Soft core wire 
Hard core wire 
Soft core wire 

do. 

do. 

do. 

Hard core wire 

do. 

do. 

Soft core wire 

do. 
Hard core wire 

Soft core wire 



) 



n manufactured of soft material. 
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TABLE Hi. 
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Breaking 
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Cal- 
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Load 
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Strand. 


Wire. 


1 
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from from 
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Ultimate 


Wires. 


Breaking Breaking 


As 


in the 


s 






Trade Name. 


Stress. 




Load Load 


Tested. 


form of 






1 

1 








of of 




Rope. 












Wires. Strands. 

1 


i 




n. 




in. 




tons. 


lbs. 


tons. : tons. 


tons. 


per c^nt. 


1 


12/6/1 


•045 


Basic 


53 13 


169 


9-63 8-50 

1 


8-53 


11 


i 


12/6/1 


•047 


Crucible 


89-63 


311 


17-72 


15-50 


14-68 


17 


i 


12/6/1 


•040 


Basic gal- 


4019 


101 


5^75 


5-47 


5-12 


11 








vanised 


1 

1 




• 






1 


6/1 


•072 


Crucible 


1 101-44 


826 


17-36 14-97 

1 


15-65 


10 


1 


6/1 


•070 


Basic gal- 
vanised 


40-02 


308 


6^47 6-35 


6-09 


6 


i 


6/1 


•072 


Basic 


59-68 


486 


10-21 9^58 


9-45 


7 



TABLE VI. 



Ratio. 
D 


Gold Mines. 


Coal Mines. 




Number of Ropes. 


Number of Ropes. 


Total. 


Flat. 


Circular. 


Circular. 


1 
For Rock For Rock 

or Persons, or Persons. 

1 


For Rock 
only. 


For Rock ' For Rock 
or Persons.! only. 


Under 500 . . 
500 to 600 
600 to 700 
700 to 800 
800 to 900 
900 to 1,000 
Over 1 .000 


— 4 

— 15 
2 , 20 
4 53 

— 41 
~ 32 

2 42 


6 
3 
9 
9 
8 
12 
16 


4 

6 
6 
4 
2 


1 


14 
18 
37 
72 
54 
46 
60 


Totals .. 


8 207 


63 


22 1 


301 



The average values of the ratio are — 

For vertical shafts . . 
For incline shafts . . 
For compound shafts 



843-8 

829 

984 



^^ 
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No. of 
Test. 



7/131 B 



2/131 B 



3131 B 



4 131 B 



5 131 B 



1/86 B 



6 86 B 



7/86 B 



1/124 B 
2/124 B 
3/124 B 

4 124 B 

5 124 B 

6/124 B 
7 124 B 



Before Immer^«'"^^«n- 



Diameter, Elonga- , Break^^^*^»^g }^^'^ 1^^ 
of i tion in Loa( "H- ^"• 

Wire. 10 ins 



m. 
•093 



•093 



•093 



■094 



•094 



6/131 B ^094 



102 



2/86 B 


•102 


3/86 B 


•103 


4 86 B 


•102 


5 86 B 


•li)2 



102 



102 



•103 

•103 

104 

103 

104 

104 

103 



m. 



1 :i 



1 .-. 






7ff 



1 -l 



1 7 



.'{:S 
fi4 



i 



1 7 



J 



I 7 



i 



i 
i 

1 7 

I 7 
3t! 



i 



^5 



«■ 



:*> 1 



lbs 1^«- 

1,542- 

215,7822 

205.970-9 

1,586' 

170,020-3 

181.377-8 

157,977-7 
166,048-8 

186,434^0 
191 ,453^8 



1,432 



1,498 



1,675; 



1,719 



2,027 



205,042^9 
!176,76M 



182,991-7 
175.159^8 
256,346-8 



2.071 ^ 

223,618-3 

1^9831 229,484-5 



2,02 
2,09^ 

2,22( 

2,31 

2,20 

2,204 

2,02 

2,22( 

2.20^ 

h 



230,434-0 
226,691-6 
235,2430 
208,683-3 
209,608-3 

250,553-9 

235.243 



Loss or gain in 

strength 

(apparent) . 



Decrease ; Increase . 



tons, per cent, per cent. 



107-89 
102-99 

85-01 
90-69 

78-99 
83-02 

93-22 
95-73 

102-52 

88^38 

9150 

87-58 

12817 



11181 
114-74 



2,02'< 

228,296-1 114-15 

2,04d 250,420-0 i 126-21 



214,7605 107-38 
266,774-2 133-39 



115-22 
113-35 
117-62 
104 34 
104^80 

126 28 

11762 



5-0 
9-3 

27 2 
224 

25-1 
21-3 ' 

13-7 
11-3 

15-0 
26-8 

26-1 
29-3 



11-8 
3-6 



80 
0-2 



13-5 



13-7 
18-4 
9-3 
211 
12-2 

44 

11-1 



3-3 



41 
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TABLE VII. 

Factors op Safety in Vertical Shafts, 



For Persons onlv. 



For Rock only. 



Including bending stress 
Excluding bending stress . . 



No. of 
Ropes. 

14 
14 



Max. = Min. 



6-37 
33-31 



313 
9-65 



Mean. 



51 
15-83 



No. of 
Ropes. 

20 
; 20 



Max. 


Min. 


8-54 
31-28 


2-56 
7-17 



Mean. 

4-3 
13-6 



Ropes used for Persons or Rock. 



No. of 
Ropes. 



When used for Persons. 



Max. 



Min. Mean. 



When used for Rock. 



Max. Min. 



Mean. 



Including bending stress. 
Excluding bending stress 



98 
98 



7-02 
120-07 



2-63 
9-26 



4-7 
18-5 



6-22 
72-18 



2-48 
5-54 



' 4-4 
1405 



Factors op Safety in Incline Shafts. 



Including bending stress. . 
Excluding bending stress. . 



For Persons only. 




1 No. of 

Min. 1 Mean. iRopes., ^^a^- 



For Rock only. 

Min. Mean 



3 
3 



4-16 

36-88 



317 I 3-61 25 
16-85 I 22-60 I 25 



7-22 
24-72 




Ropes used for Persons or Rock. 



Including bending stress 
Excluding bending stress 



No. of 
Ropes. 


When u 
Max. 


sed for '. 
Min. 


Persons. 
Mean. 


When 
Max. 


76 
76 


9-16 
57-16 


2-65 
12-09 


5-08 
23-58 


8-17 
27-75 



Min. Mean. 



2-35 

7-48 



4-46 
15-65 



Factors op Safety in Compound Shafts. 



For Persons only. 



|No. of 
Ropes. 



Including bending stress. . 
Excluding bending stress. . 




1 
] 



4-88 
12-42 



4-88 
12-42 



4-88 
12-42 



For Rock only. 



16 
16 



6-2 
13-94 



2-77 

7-00 



4-44 

9-8 



Ropes used for Persons or Rock. 



No, of 
JRopes. 



When used for Persons. 



Max. 



Including bending stress. . 
Excluding bending stress 



49 
49 



714 
23-28 



Min. Mean. 



3-61 
9-21 



W^hen used for Rock. 



Max. , Min. 



5-1 
15-87 



5-98 
15-97 



3-31 



Mean. 



4-38 



6-88 I 10-88 



"Win RopM for Molatlng." 
PLATE II. 



Fin. 3. Fig. 4. Fig. 1. Fig. 2- 

Rope No. 3 131 A. Bope No. Rupe Nrt, 

e/131 A. .''>,'131 A. 
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PLATE IV. 



Rope No. 27. 



Rope No. 64. 



Rope No. 77. 



Rope No. 94. 



Rope No 95. 
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WIRE ROPES USED FOR WINDING: 
THEIR STRENGTH, AND SOME 
CAUSES OF ITS REDUCTION. 



Paper by Messrs. J. A. Vaugiux and W. 
Mautin Epton (Mc7nberH). 

DISCUSSION. 

The Hon. Secretary read a contribution 
by Mr. Schweder, which was as follows : — 

Mr. Schwkdek: I do not think it neces- 
sary to specially mention the importance of 
the i)aper before us to the whole mining 
counnunity, but I am quite sure that the 
managers and resident mechanical engineers 
on the mines, as well as the other engineers 
here who have anything to do with hoisting 
engines, will be very thankful, not alone for 
the larp:e amount of information the authors 
have made public, but likewise for the 
trouble the two gentlemen underwent to 
follow so closely the latest investigation of 
Prol. Hrabdk, of the Mining School in 
Przihram, Bohemia. 

The latter gentleman had gained already 
a wide reputation in engineering circles on 
accoimt of his considered classical investiga- 
tion on the steam engine, and his latest 
publication, in 1902, on hoisting ropes 
seems to have passed without any adverse 
discussion in Germany and Austria, for I 
have never found any notes in the respec- 
tive technical papers to that effect. The 
conclusions dra^n by Prof. HrabAk are, 
therefore, apparently silently acknowledged 
as being correct. 

The two authors, Messrs. Vaughan and 
Epton. are giving him due credit for his 
work, too, and I need not apologise for deal- 
ing in some places more closely with his 
investigations. 

The paper before us is, I think, simply 
splendid, and I feel there is not very much 
in it to criticise or to improve upon. 

The question of factor of safety has been 
touched upon already by our President, and 
I think that it will not be very difficult to 
oonje to agree with a certain and compul- 
sory figure if we only feel sure that we can 
compute to a nicety the breaking strength 
of a rope when new, and, w4iat is just as 
important, when in use for some time. 

Regarding the remark of the authors that 
the sacrifice of toughness and ductility is 
not so very great when choosing a higher 
tensile strength of wire, I beg to quote here 
the opinion of the Head Engineer at the 



Przibrain shafts, whfre they are hoisting for 
manv vears from a dei>th of over 3,000 ft. 
He told me that he does not like to take 
wires over 12o to 130 tons ten.sile strength, 
on account of their brittleness and their 
greater liabihty to corrode. 

But this, of course, is onlv one man's 
opinion, and he might not have tried very 
many makes of rope. 

When the authors write that it is the 
custom on the Rand to secure the ropes on 
the outside, as reasons might be mentioned 
here, that the clutches are nearly always 
outside, and if the distance from drum 
middle to drum middle is larger than the 
distance between two shaft compartments, 
we will obtain two clean rope layers if tlie 
drum shells are grooved. 

Re wire cores, Prof. Hrabak is indeed 
very little in favour of such construction, 
and he states that the wire cores alone 
carry 62 J per cent, of the full load, under 
the assumption, howevtn-, that all the 
stresses are within the limits of elasticity. 
He believes that the core does not break, 
because it is gripped by the outer w^ires, but 
I think that the core wire is simply out- 
stretched by the first load application, and 
when the rope and the wires in the strands 
creep back, the wire core, which has to go 
back a long distance, will find sufficient 
room to buckle out between the spirally laid 
wires. 

The authors will have, perhaps, the 
chance to state occasionally whether the 
modulus of elasticity is indeed appreciably 
altered in core wires after being in use. 

Considering that the bending stress in a 
rope might be so great that it might under 
unfavourable conditions (when the pulleys 
and drums are verv small, and the wires in 
the rope are chosen too large) be nearly as 
much as the uniform stress in the straight 
rope under full load, I believe it is worth 
while to stop a little at Prof. Hrabak 's 
theory regarding these stresses. 

About the year 186/> Prof. Reuleaux tried 
to solve the problem in the following man- 
ner, that he took each wire in a wire rope, 
evenly bent round the radius R of ' the 
sheave or drum, and he puts the elongation 

i of the wire length 1 over ~ = wire length 

—J or-=-=s-=5 . The elongation I of the wire 
R d It 

2 

length 1 of the cross-section 1 = J= stress 
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per sq. unit, divided by the modulus of elas- 
ticity E, 




It follows thus : — -, — ' = x^ or stress due 

Ed 
to bending =4^* This theory caused quite 

a consternation amongst the wire rope 
users, but it was soon found out that the 
formula gave too high values for this stress, 
and the experts, including Prof. Hrab^k, 
were sure that the theory wanted a modi- 
fication, which, however, only lately — in 
1901 — Prof. Hrabak heheved he had struck. 
He first collected all statements of tests 
made, in order to ascertain the elasticity of 
new wire ropes, and he found that the 
moduli of elasticity E of all the ropes were 
pretty near alike," and averaged 0*36 the 
modulus of elasticity of the material Eo the 
wires were made of. 

If the stress now were computed acccord- 

Ed 
ing to Reuleaux's formula; stress = -jr — 

O'SQEJ 



D 



this would give too low values, be- 



cause, Prof . Hmbak explains, we have not 
to deal with a bending of the total rope, but 
we have to view the bending of the various 
wires in it, each forming a double spiral in 
the lay of the rope. The fractional elonga- 
tion in the wire must be smaller than if the 
wires in the rope were all straight, and the 
modulus of elasticity (as the reciprocal 
value of this fractional elongation) of the 
wire in the rope called Kj must be greater 
than E of the rope. The authors explain 
this very nicely by means of a sketch, and 
state the figures *E, = 1'106E for strands = 
V222E for ropes, and = l"351E for cables. 

Prof. Hifibak gives then the stress in the 
outside fibres of each (spirally bent) wire 
due to the bending round the radius i? = « = 



-rj- and for the ropes which are concern- 
ing us mostly « ■= 1'222 x 0-36£„^- = 044 

E,d^ 
D 

Messrs. Vaughan and Epton here draw 
attention to the fact that short pieces of 
wire in the ordinary lay of rope are parallel 
with the axis of the rope, but I think that 
if the wires were computed accordingly we 
would come back to Prof. Reuleaux's for- 
mula, and this latter would be correct if the 
wires were resting on a rigid support. 

This is, however, not so, or the modulus 
E could not be so much decreased as 
O.B6-E», and I think that the excessive 
strain on the crown of the wires, where 
their angle with the axis of the rope equals 
o, is released by the part of the wire which 
forms an angle of 2 w with the rope axis. 

There is surely a differential movement of 
all the wires in the rope when the latter is 
bent, but this sliding of the wires upon 
each other need not be so very gi'eat, as the 
bending of all wires is in the same direction. 

Dealing then with ropes in use in the 
mines, Pix>f. Hrabak found that the 
modulus of elasticity greatly increased until 
in time it remained for a good while almost 
constant, and averaging E=0'12Eq instead 
of 0'B6Eo, as found with new ropes. The 
figures were arrived at by loading the cages 
with men in many vertical deep level 
shafts, and noting the elongation of the 
rope thereby. In a 3,000 ft. shaft the 
elongation amounts to about 1 in. per man, 
and can thus be measured reliably and 
accurafct^ly. Prof. HrabAk coiTohorated 
thereby his views regarding the wire cores, 
and found that the elasticity is 22 per cent, 
less than in wire ropes with hemp cores! 

He found also that the Lang lay ropes are 
10 per cent, more flexible than the ordinary 
lay of ropes, and thus he recommends the 
former construction if short bends are not 
avoidable. Speaking of Lang lay, I cannot 
help mentioning a passage in Prof. Hmbak's 
book, where he complains that the rope 
construction which is called in England 
Lang lay has been introduced as far back 
as 1834 by a mining man in the Harz 
Mountains, called Albrecht, and that, 
nevertheless, this construction is patented 
in England and claimed to be manufactured 
first by Messrs. G. Cradock k Co., a-* sug- 
gested by Mr. Lang. This Lang lay is 
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called in Germany and Austria Albert lay, 
after this first designer. But this only en 
passant. 

In order to prove or disapprove the cor- 
rectness of the Hrabtik theory, I believe it 
would be a grand thing if the authors could 
make it possible to test pieces of ropes or 
strands, at least, while they are submitted 
t<j bending stresses also, in order to see 
whether the practical results coincide with 
theoretical conclusions. Tests of that kind 
would, indeed, excite the greatest interest 
all over the world, and would be of a special 
value to this country as long as we have to 
import hoisting engines and like to choose 
the drums as small as possible for that 
reason. 

Coming to the end, I only beg to differ 
from tlic authors when they state, under 
reduced ««itrength of ropt»s, due to wear, that 
the rope has lost 25 per cent, of its strength, 
when 25 per cent, of the wire cross area has 
been worn away. 

This stands good only if the bending 
stress is not taken into consideration, but 
if we take the resistance of the rope as com- 
posed of resistance against the load and 
against the bending force, the former is 
undoubtedly reduced in the quoted instance 
by 25 per cent., but the latter remains the 
same (if the higher modulus of elasticity in 
used ropes is not taken in calculation), and 
the rope under this view must have lost less 
than 25 ,per cent, of its original strength. 
The real loss can, of course, only be made 
out individuallv for each instance. 

Prof. Hele-Shaw, in response to the 
President's invitation, said: I had hoped 
you would not call on me to speak to-night. 
I really came down partly to listen to the 
discussion and partly out of respect to the 
authors. When you remove to a building 
where the use of the lantern will be per- 
mitted, I should like to show you the micro- 
graphic }»ictures referred to in the paper, 
taken from wires in a rope which failed and 
caused great loss of life. These pictures 
reveal in an extraordinary manner the 
changes. which had taken place in the steel. 
I hope, in connection with the valuable 
work winch, is being done on the Hand by 
the Mines Department in testing wire ropes 
that it will be usual to have such micro- 
photographic pictures prepared. I have 
been doing some of this work lately^ and I 
am convinced that it should be undertaken 
in every experimental testing laboratory. 
There has been a great deal of investigation 



on specimens which have been prepared 
from new material, but there has been very 
little work of the above kind on specimens 
which have been in actual use. The differ- 
ence in the above case between the original 
wire and the sections that failed is such 
as to make it doubtful whether it was due 
simply to " fatigue " because there is no 
doubt the part that is gone in this wire 
was not merely being continually bent, but 
was also very thin and corroded. Was the 
change shown in the photographs caused by 
mechanical action or due to the action of 
acid water in the body of the material? 
Engineers are not accustomed to regard 
steel as being permeable in this way, but 
we know that even denser metals are per- 
meable, and it might be possible for a liquid 
to penetrate beneath the outer skin of the 
steel itself. I look forward to experiments 
on sections of metal to throw a great deal 
of light upon failures that occur from time 
to time. At any rate, it is the opinion of 
all who have to do with the testing of steel 
that little is known about its nature. Chemi- 
cal analysis reveals to us certain con- 
stituents, but it does not show us the mil- 
lion ways in which the particles of the dif- 
ferent constituents are combined, and there 
is fio other way of finding this out than by 
this process of photography of very minute 
sections. From experiments of that nature, 
combined with the tests, we shall probably 
greatly increase our knowledge. As to the 
paper generally, after I have had time to 
study the tables and figures I should like to 
make a further contribution on the subject. 

The President: We shall be most happy 
to hear you on any other occasion. 

Mr. J. E. CowELL : In making a few re- 
marks on the able paper presented to this 
Institute by Messrs. Vaughan and Epton, 
I must express my regret at not having 
been able to be present at last meeting, 
when it was presented to you by the 
authors, but have since read it with great 
interest. This paper, as presented to you, 
bears evidence of great care and thought in 
its preparation, and of research work into 
the particular conditions prevailing here, 
which should be of great use both to the 
users and manufacturers of wire ropes. 

The authors refer very early in their 
paper to the necessity of selecting ropes 
particularly for the work they are required 
to perform. Too much stress cannot be 
laid on this point. It has, in the past, 
been quite usual for purchasers to simply 
ask for a rope of a given diameter, and with 
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a breaking strain of so many tons per sq. 
in., without any further indication of the 
conditions under which it was to work. The 
bending streeseg, due to small drums and 
sheave pulleys, were quite unknown to the 
manufacturers, and frequently a rope has 
been condemned as of bad manufacture, 
when had the makers known the conditions 
under which the rope had to work, they 
would have recommended a rope of entirely 
different construction, or declined to give 
«"^y guarantee whatever. I am glad to 
note, however, that now it is becoming 
common practice to give a full diagram of 
the lead of the rope, together with diame- 
ters of all pulleys and drums and conditions 
of working, and to ask the manufacturers 
to specify the rope they would recommend 
for the work. 

There is, further, no doubt that inexperi- 
enced agents, anxious to make business, 
will take an order and supply a rope with- 
out any practical knowledge of what they 
are doing, and trust to providence that it 
will come out all right. The success of a 
rope manufacturer can only be due in the 
end to the care taken to supply suitable 
ropes for the work required, and it is im- 
portant that the user specifies these condi- 
tions to the fullest possible extent. 

Respecting high grade steel wires, in col. 
9, Table 1 are given a number of tests of 
steel wires of over 135 tons per sq. in. 
breaking strain. I notice that the number 
of twists in lengths of Sin. is, however, very 
low. Ropes made of wire of 140 tons per 
sq. in. section, with a torsional teet of 
not less than S5 turns in 8in., can quitj 
well be supplied. 

. The torsional test is of the greatest im- 
portance in ropes, not because the ropes are 
subjected to any great torsional stresses, 
but because it is essential that the ductility, 
which is shown by the torsional test, is 
maintained. It is verv^ easv to make wire 
hard and get almost any breaking strain 
you like at the expense of ductility. To 
make sure of getting a good rope, the duc- 
tility or torsion test should always l)c in 
sisted on. 

There does not, however, appear to be 
any demand here yet for such high grades 
of steel in w-ire ropes. The authors state 
that they have found the length of Bin. the 
most favourable for torsion. The standard, 
however, is that the length of piece for tor- 
sion shall be 100 times the diameter of the 



wire under test, which gives Sin. for wires 
of No. 14 gauge, or 'OSin. diameter. 

As to the core in strand of rope, this 
should not be considered in calculating the 
strength of rope, whether of wire or hemp. 

R^JBpecting the Mining Rlegulations, it 
appears highly desirable that absolute uni- 
formity should exist as to the rating of 
ropes. More confusion perhaps is caused 
here than in the British Collieries, owing to 
the standard rating of British manufactur- 
ers being expressed in tons of 2,240 lbs., 
whilst here it is customary to use the ton 
of 2,0001bs. It would, however, appear a 
matter to be dealt with by the Goveruipent 
Alining Engineer's Department, who could 
require such forms of certificates as would 
practically compel the rope manufacturers 
to fall into line. 

With reference to the method of prepara- 
tion of test samples of ropes. This appears 
to be open to question. 

The method of tinning the wires and fast- 
ening them in a conical mould is, I believe, 
quite sound with respect to ropes of six 
strands of six or seven wires per strand. In 
ropes made of six strands of eighteen or 
nmeteen wires per strand, the wares being 
all of the same diameter, it is also probably 
correct. In other compound ropes, where 
the inner wires of the strand are of a dif- 
ferent diameter from the outer wires, 
it is not accurate, as owing to the 
different diameter of wires the lay is 
at a different pitch, so that some 
wires get more strain than others. 
On ropes of six strands of twenty-four wires, 
thirty wires, or thirty-seven wires, a very 
considerable error is made. In one par- 
ticular instance known to the writer, a rope 
of six strands of thirty-seven wires per 
strand was tested by this method. The 
breaking strain of the rope was calcuiattd 
for 39 tons of 2,2401bs. Testing the rope 
by the method of tinning, and separating 
the wires and using a conical seal, the rope 
broke under a load of 35 tons. The same 
rope was then tested by a different method 
of gripping the ends, and the rope broke at 
39.1 tons. It would be interesting if the 
authors would test another method of fast- 
ening the ends of the ropes, and communi- 
cate the results obtained by them to this 
Institute at a later date. 

As to the amount of deduction to be made 
on account of the laid-up efficiency in ropes,. 
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the authors give 10 per cent, as a reaBon- 
able figure. 1 should be gli^d to kuow if 
this is 10 per cent, off the total sectional 
area of wires in the rope, or excluding the 
central wires of strands. 

Ke internal frictional area. The 
authors give as one of the causes ** badly 
trimmed joints of the wire.'* This is bet- 
ter obviated by having the wire without any 
joints, brazed or otherwise. Ropes of 
Hin. diameter can be made in lengths of 
6,000ft. without a single joint, and the cost 
of such is not much increased. 

Concerning the experiments carried out 
on testing wires after treatment by sul- 
phuric acid, the fact that the action of 
the acid was much more violent at the 
bends than at other positions is particularly 
interesting. This.reminds me of the prob- 
lem in which it is desired to find out what 
becomes of the energy expended in com- 
pressing a spiral spring if that spring is dis- 
solved by acid whilst still under compres- 
sion. Doubtless, the same thing occurs. 
I should be particularly interested to know 
if the authors could make more experiments 
to see whether there is anv noticeable in- 
crease of corroebu if the wires are under 
tension, as it is quite conceivable that thie 
is Bo, and that corrosion of ropes is much 
more rapid from the action of acid water 
when under the stref« of working than when 
at rest. 

As to the remarks on the bending of the 
wires when laid in a rope being less severe 
than when laid straight, a very good illu- 
stration of this can be seen by taking a 
piece of large diameter ordinary lay Manilla 
rope, when the various effects caused by 
bending can be easily followed. 

Mr. Leupold : I had intended to make a 
few remarks especially with reference to the 
modulus of elasticity, as it is altered by the 
laying of wire, but 1 find I have been fore- 
stalled by Mr. Schweder's contribution. I 
would, however, seize the opportunity of 
calling special attention to the great import- 
ance of this point, because in order to arrive 
at a correct determination of the bending 
stresses, which we know form a large part 
of the total stresses, we must first be sure 
about the modulus of elasticity, and the 
question whether the wires in th&t part of 
their course, where they are parallel to the 
rope axis, are to be treated as single wires 
laid on a drum, or in what degree they are 
relieved from the increased stress must he 



determined. 1 am writing now to Prof. 
Mrabak about this, and 1 hope he will be 
able to give his views on the matter. Should ' 
the discussion be closed before I get a reply, 
1 shall be happy to contribute a short note 
to the Journal, 

Mr. Vaughan : Arising out of Mr. 
Schweder's contribution — 1 know that Mr. 
Leupold has studied Prof. Hrabak's book 
pretty fully, and that he is also able to 
understand the language in which it is 
written. I should, therefore, like to ask 
him one question. Referring to the modu- 
lus of elasticity, ha«j Prof. Hrabak ever 
practically tested the elasticity of old ropes 
hanging in shafts ? I know he has done 
this for new ropes. I want to know whether 
the value he deduces from theory for the 
modulus of old ropes is corroborated by 
practical experiments on old ropes hanging 
in shafts. 

'Mr. Leupold : I do not now remember all 
the figures and factors which Prof. Hrabak 
has deduced from practical experiments. I 
also do not remember whether they differ 
very much in ropes which have been used 
for some time. On the whole, I gather 
that the practical determination of the 
modulus of elasticity in a rope, as against 
that in a single wire, corresponds very • 
nearly with the theoretical deductions 
w^hich he had arrived at. 

Mr. R. Whyte: I thank you for the oppor- 
tunity of making a few remarks on the a>ble 
and interesting paper now under discussion. 
To me, a comparative stranger, the local 
conditions under which many ropes work 
are not sufficiently well known to let me 
express an opinion on a number of points 
mentioned in the paper. There are, how- 
ever, one or two matters I might refer to, 
and which might interest the meeting. 

I hold rather strong views ; for example, 
on the advantages of galvanised ropes for 
upcast shafts, w^here foul air or other corro- 
sive elements are met with, or for wet 
shafts. It seems to have been clearly 
demonstrated that galvanising is not a suc- 
cess in Crown Deep water, but all the mines 
are not Crown Deeps, and there are, I feel 
sure, many others at which the water is 
used for boilers, etc., where galvanised 
ropes should, in my opinion, be given tt fair 
trial. 

With regard to Mr. Biggart's tests. These 
T happen to know something about. They 
were carried out during the building of the 
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Forth Bridge, where a number of elevators 
for hoisting men and material were in oper- 
ation, and. the rope«i used were, as 
a rule, galvanised crucible steel 6/24 
construction. This, I need hardly say, 
is a different make from any used on 
the mines, unless for block and 
tackle work. How far these tests inight 
have' differed, had the usual type of mining 
rope been experimented upon, I am not in 
a position to say, but, individually, you 
have some chance of getting data from your 
driving or transthission of power ropes. 

Messrs. Vaughan and Epton refer to wire 
being used on the reef, drawn to a breaking 
strain of 160 tons per sq. in., and it would 
be interesting to know how a rope of this 
high strain lasted as compared, say, with 
those of 130 tons. I quite agree with the 
writers as to the advisability of re-capping 
ropes every two or three months, but I can- 
not see how it is possible to open the 
strands of any rope for the purpose of exam- 
ining it for internal- wear or corrosion with- 
out running considerable risk of doing it in- 
jury, more particularly if the rope has been 
at work for some time, and the strands have 
become to some extent locked. 

The question of standardising wire ropes 
is one presently engaging, some attention, 
but without knowing more of the Commit- 
tee's intentions as to the lines on which 
they purpose attaining their object, I would 
prefer leaving that subject alone, with this 
one remark, that generally speaking man- 
agers and engineers know pretty well what 
standard of rope suits their particular con- 
ditions. 

The President: You stated, Mr. Whyte, 
that you did not believe in opening up the 
strands in the rope. Do you raean the 
rope itself, or individual strands ? 

Mr. Whyte : When the rope is flattened 
' down by wear I think it is an exceedingly 
risky thing to open the rope. You cannot 
open the strands. 

Mr. W. Martin Epton : When Mr. Whyte 
said 145 tons, did he mean long or short 
tons? 

Mr. Whyte : Short tons. 

Mr. Treoaskis : There are just two points 
which I should like to mention. In the 
first place I should like to call attention to 
the difficulties which we may get into by 
allowing the rope to remain underground in 
cases where there is no winding at night 
time. If there is acid water dropping on 



to the rope corrosion may be local, and ia 
very easy to be overlooked. The difficulty 
may be avoided by taking both skips out of 
the shaft when shutting down in the tven 
ing. The other point is in tionnection with 
the rule the authors gave us for measiu'in<^ 
the wear on the individual wires by measur- 
ing the outside diameter of the rope. Some- 
times a rope wears flat, and in that case 
calculations based on the measurement 
taken round the outside of the rope does 
not give the real breaking strength. When 
the wear is on orre side of the rope it may 
very easily break, and yet the total amount 
of wire gone is not very great. I quite 
agree with Mr. Heather that when a par- 
ticular wire in a rope is worn somewhat 
more than half, the worn surface still shows 
the full width of its original diameter, so 
that waiting until the wire that is most 
worn shows less than the diameter of the 
wire may lead to considerable trouble. The 
matter of judging the amount of strength 
left in a rope by noticing the amount of 
wear on the wires outside can only be esti 
mated with any degree of accuracy by get- 
ting the ropes more frequently tested by 
the Government officials. If the Govern- 
ment would only reduce their present 
charges . for testing, it would tend very, 
much to the safety of ropes on these fields. 
We could then send our ropes in and get 
them tested much more frequently than at 
present. 

Mr. F. W. DuQUEMiN : With reference to 
to Mr. Whyte 's remarks about breaking 
strains, I rather sympathise with him. My 
firm send me out the breaking strain of 
every rope, and I have considerable diffi- 
culty in persuading intending purchasers 
that these breaking strains are the results 
of actual tests, and not necessarily the ag- 
gregate of the wires. 

Specifications of ropes are passed to me 
to tender from. These give both the break- 
ing strain of the wire per sq. in. and the 
breaking strain of the rope, but I have fre- 
quently found that these two particulars do 
not agree by quite 10 per cent. I mean, 
of course, when the latter particular is to 
be the result of an actual test of a piece 
cut from the completed rope. When I 
raise this question with the purchaser he in- 
variably replies — " We must have the 
breaking strain,*' and the result is that I 
have to put in a rope with a much higher 
tensile strength of steel per sq. in. than i» 
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really intended by the user, and which may 
net work as well as would a lesser one. 

Beferring to a 6,000ft. liin. diameter 
rope, made of wires without brazes from 
end to end, I do not know what construc- 
tion of rope the last speaker referred to, as 
obviously a rope of 6 x 19 construction 
could be made in this way to a much 
greater length than could a 6 x 7. With 
a view of supplying such ropes, I inquired 
of my firm some time ago. I do not re- 
member the actual figures at present, but 
I feel sure that a 6,000ft. liin. diameter 
6x7 could not be made without at least 
one braze in each wire. The largest billet 
from which wire can be drawn is 2001b8., 
which would give about 180lbs. of wire. 

1 have heard of a rule out here on these 
fields with regard to the construction of 
ropes for certain sized sheaves and drums, 
something about 1,000 times the diameter 
of the largest wire in the rope being the 
minimum diameter of the sheave or drum 
for good practice. This rule does not seem 
to take into consideration the tensile stress 
of the steel which is used, and I think that 
this should be an important consideration, 
as with a steel of, say, 90 tons, you should 
be able to use far smaller sheaves than with 
a steel of say, 125 tons. The bending 
stress for all tempers of wire would, of 
course, be the same, but the resulting life 
of the rope would surely be quite different. 
I do not know whose rule this is, but pos- 
sibly someone here may bo able to tell us. 

Mr. Yaughan : There is no Government 
rule with regard to the diameter of the wire 
in the rope and the diameter of the sheave 
it is intended for, except that it is provided 
that the wire shall be suitable for use with 
the sheaves and drums fitted. In some 
other countries thev have more definite 
rules. In Austria, I believe, the rule is 
1 : 1,200. Obyiously, if you have a rope to 
use, these considerations are settled by the 
statical factor of safety you adopt. We 
know something now about the bending 
stress, and dead load is given, and if you 
take it out in dead load you cannot take it 
out in bending stress. Working to a higher 
statical factor of safety you can afford to 
allow more bending fstress. For these 
reaisons I fancy we liave never suggested 

anything like a fixed rule for the ratio -^ 



I should think, myself, that anything below 
a ratio of 1 : 800 is bad. 

Mr. Leupold : I would like to ask Mr. 
W'hyte one or two questions about galvan- 
ising wires. Has it not been found that 
galvanising reduces the tensile strength of 
the wire ? I suppose this may be due to 
an alloy being formed at the contact be- 
tween the zinc and the iron, which would, 
of course, deteriorate the steel in the wire, 
and thus reduce the total tensile strength 
of that wire. In any case, it seems to me 
from what I have read about it that the 
tensile strength is reduced by galvanising, 
and therefore the rope must be made 
heavier than it would be made of steel, only 
quite apart from the additional weight of 
the zinc. Also I would like to ask if the 
zinc is not abraded on the surface of the 
rope very soon after the rope is put in use, 
and if the chemical corrosion is liot in- 
creased on account of that? It seems after 
the zinc has been worn off in places that 
the rope corrodes very rapidly. 

Mr. Whytk: There is no doubt that 
when you come to galvanised ropes, espe- 
cially in plough steel, it is advisable to keep 
down the strain. I should not like to gal- 
vanise a 145 ton wire and guarantee it to be 
so good as plain wire. The torsion w-ould 
not be so good. In galvanising improved 
plough steel wire, we always recommend 
that the strain be kept down, otherwise the 
torsion will be deficient. As regards 
crucible steel, we find there is very little 
deterioration in the material. We get, 
practically, as good mechanical tests from 
galvanised crucible steel as from plain. If 
you lost both in strain and torsion by gal- 
vanising, then the game would not be worth 
the candle; but we do not find it so. W^ith 
regard to the other point, as to the w- earing 
of the crown of the strand and consequently 
the galvanising, that, of course, is quite 
true, but we claim if you keep the inside of 
your rope intact and free from corrosion, 
you have gained a very considerable point. 
And that is what I claim for galvanising at 
Home. I have a sample, which I purpose 
putting on the table at the next meeting, 
cut from a galvanised Jin. diameter crucible 
steel rope, which had been at work as a 
band or strap for two years and four months 
at an important colliery, in Scotland. 
Previously, nine months was the average 
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life got from Jin. diameter plain crucible 
ropes, and when these were taken off, the 
signs of corrosion were so unmistakable 
that galvanising was recommended without 
hesitation, and the results have entirelv 
justified the change. Of course, the larger 
rope has doubtless something to do with the 
increased life, but in my opinion the gal- 
vanising has much more, for while the rope 
is pitted on the crown of the strands, where 
the friction has worn off the galvanising, 
the inner portions of the strand are in 
splendid condition, and this must have 
materially helped its life. 

Mr. Mayhew : Might I ask if Mr. W'hyte 
can give us the chemical analysis of the 
water in wliich that rope was naming, 
whether sulphuric acid or sulphate of iron ? 

Mr. Whyte : That I cannot give. 

Mr. Vaughan : With regard to the ques- 
tion of galvanising ropes, there was a very 
interesting paper read in October, 1897, by 
Mr. Thomas Lees, in the Federated Insti- 
tution of Mining Engineers, an extract from 
which I will read. From the discussion 
which it brought out, galvanised ropes 
seemed very suitable for English colliery 
work. 

Extract from Mr. Leks' Paper. 

The writer has frequently been asked 
whether galvanising does not seriously in- 
jure the wires, but his experience has fully 
proved that practically no deterioration 
takes place if the galvanising has been pro- 
perly done. Some prejudice has existed in 
the past against the use of galvanised wire 
for ropes amongst mining engineers, but it 
must have been only on the part of those 
who have had no experience in their use. 
The writer was informed by a well-known 
firm of rope makers that it was as import- 
ant that the galvanising should be done 
carefully and by the best process as that 
the wire itself should be properly drawn, 
and that in either process, if carelessly or 
improperly done, the wire might be spoilt. 
The following tests were made by the writer 
with new wires supplied by the makers of 
winding ropes, the wires being of the same 
quality and thickness (improved patent 
crucible steel, and No. 10 Birmingham wire 
gauge), but one portion plain and the other 
galvanised; the object of the tests being to 



Description 
of 
Wire. 

Plain 
do. 
do. 
do. 
do. 
do. 



Breaking Bends at 
Strain Right Angies 
lbs. over 180 degs. 



find out what effect, if any, the galvanising 
had on the strength of the wires : — 

Toreion in 
8 ins. 
Revolations. 

24 
32 
25 
33 
23 
27 



2,310 
2,200 
2,366 
2,086 
2,190 
2,142 



i 

8 
7 
8 

7 

7 



^lean 



2' 



2,2M 



Galvanised 


26 


2,142 


7 


do. 


24 


2,048 


8 


do. 


2<l 


2,240 


7 


do. 


24 


2.360 


7 


do. 


23 


2,254 


7 


do. 


27 


2,086 


8 



Mean 



25 



2.178 



It will be seen from the foregoing table 
that the falling off in strength in the gal- 
vanised wire is so slight as to be practically 
of little importance, and no uneasiness need 
be felt on that score when ordering a gal- 
vanised rope. 

The extra cost of galvanising a winding 
rope 4| ins. in circumference is about 5b. 
per cwt. The writer's meaning will be 
made clear from the following example: — 
Suppose a crucible steel wire rope, 500 
yards long, 4iins. in circumference, weigh- 
ing about 45 cwts., and. costing 35s. per 
cwt., made of plain wires, the total cost 
will be i;78 15s., and the rope will probably 
last two years, thus costing £39 73. 6d. per 
year. A galvanised wire rope of the same 
strength at 40s. per cwt. will cost £90, and 
may safely be assumed to last six months 
longer than the rope with plain wires, and 
would in such case cost £36 per annum, 
showing a saving of £3 7s. (kl. per annum, 
or £8 8s. 9d. per rope. This is a very low 
estimate as to the economy Sf using galvan- 
ised wire ropes, as their life might be 
lengthened 50 per cent, and upwards." 

Mr. Whvte in a way attacks the method 
we propose of examining wire ropes. One 
eminent rope manufacturer told us that no 
damage would accrue to the rope from the 
method we suggested. I should like to ask 
Mr. Whyte if he has ever known damage to 
accrue to a rope from the modified untwist- 
ing we suggest ? 
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Mr. Whytb: I admit it is a dififerent 
matter to open up a new rope than to open 
up an old one. The photographs 1 have 
here would seem to show that the opera- 
tion was performed on a new rope. I can- 
not say that 1 have ever seen a worn rope 
opened out, hut I feel positive that if a 
worn rope should meet with any kind of 
accident, which in any shape or form would 
dislodge the strands, it would be taken off 
right away. 

Mr. Epton : We opened the rope five 
times in the same place, and it has not been 
forced back in any shape or form. 

Mr. J. Berry: Mr. Whyte's remarks 
would make it appear that we are not ac- 
quainted with galvanised hauling ropes on 
these fields. I have just taken off a 
liin. diameter hauling rope, 2,400ft. long, 
after twelve months* work. Tlie rope had 
the appearance of a new pne (except a 
slight wear) when taken ofif, and no appear- 
ance of corrosion whatever either inside or 
outside. 

The President (Mr. A. C. Whittome) : 
Why was the rope taken off ? 

Mr. Berry : It was taken of! because 
it had been on twelve months, and we de- 
cided to increase the safetv factor. 

Mr. DocHARTY : With reference to the 
length of wire that can be obtained in 
making a rope, in my experience I have 
found that brazes and other forms of joints 
of wires give considerable trouble. Some 
time ago I approached a representative of 
one of the wire rope makers here, and got 
him to investigate the matter. He wrote 
Home, and the rope manufacturers stated 
that although it was not impossible to get 
as long a wire as we were asking for, 
3,500ft., they distinctl}* stated that it was 
possible for the structure of the wire to be 
altered to a considerable degree, owing to it 
being drawn to such a length, and they 
stated they could not guarantee the 
strength of wires over 2,000ft. that they 
could of those Vmder 2.000ft. It would be 
interesting to know if we could get these 
<).000ft. wires as mentioned. With refer- 
ence to galvanising wire ropes, Mr. Whyte 
made rather a strong point. He said that 
if we could see the deterioration of a wire, 
and know the outside was the worst part 
of it, we would feel very safe. I still think 
that the fact of the zinc remaining intact 
is a very good guarantee that the internal 
condition of the rope is perfectly safe, and 



from what I have seen I think galvanising 
is a very advisable thing. 

Mr. Berry : I might mention that 
Messrs. Vaughan and Epton have a piece 
of the galvanised rope I mentioned, and it 
is being tested at the present time. I hope 
they will include in their reply the results 
of the test, and the conclusions thev arrive 
at as compared with ordinary ropes. 

Mr. DocHARTY : Messrs. Vaughan and 
Epton have shown us several photographs 
of ropes opened up that have gone back 
very well. Perhaps I can remind them 
of a rope opened up on the City and Sub- 
urban which would not go back, and 1 
would like to back up Mr. Whyte's state- 
ment that it is a questionable practice. It 
might be that the ropes which showed good 
results had never been subjected to a good 
test or strain, but 1 certainly think it is a 
very questionable practice to open up a rope 
which had been put to a severe strain. 

Mr. Epton : With regard to that rope, 
Mr. Docharty considered that it was so 
bad that he had decided to take it off. I 
think I am right in saying that the rope we 
have now opened up five times had previ- 
ously been working for fifteen months, and 
I think it had been in regular use for that 
length of time. I tested the galvanised 
rope to-day, and I looked at it very care- 
fully, and I could not see any wear at all on 
the wires. 

The Presidknt: When you put in a 
record of the test of that rope you might 
give the details of the life of the rope for 
the sake of comparison, and possibh?^ also 
you might be able to persuade one of the 
mines to can*y out a series of opening up 
tests. 

Mr. J. A. Mills : Since the War we 
had occasion to put in two new ropes on 
6ft. drums, 6ft. headgear pulleys, and 
compound shaft. One rope was supplied 
by Mr. Mayhew, and the other (galvanised) 
was supplied by Mr. Whyte. The non- 
galvanised rope ran for two years and two 
months, and Mr. Whyte's rope ran for two 
years and five months. The results were 
slightly in favour of the galvanised rope. 
In cutting the rope the galvanising in all 
cases was intact. 

Mr. Leupold : With regard to Mr. 
Duquemin'rt remarks about the i-elatkm 
between the diameter of the largest 
wire in the rope and the least dia- 
meter of the pulley admissible, I think 
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we are far enough advanced now to discard 
rule of thumb in this matter, and when a 
rope for a deep level shaft — where weight 
comes into consideration — is contemplated, 
both the bending stresses and the stresses 
due to dead weight will be calculated. We 
have come to a point now when users of 
ropes will no longer say they require a iin. 
rope to carry a certain weight, and let that 
be the only indication to the maker; but 
as the stresses in such calculation are ap- 
portioned between dead weight and bending 
stress, the drum in one case may be of 
such a diameter that the bending stress is 
only one-fifth of the dead weight stress, and 
in another case the bending stress may 
form one -third or more of the dead weight 
stress. What I should like to bring for- 
ward is to ask if it would be possible to 
modify the law, and allow the factor of 
safety to be altered so as to include the 
bending stress, and not be based on the 
dead weight stress only, as the total stress 
is the sum of both. A rope which runs 
over a Oft. sheave is strained much more 
considerably than if it were running over a 
10ft. sheave, and the factor of safety is 
quite different in the two cases. As we 
are advancing in science, I tliink the law 
ought to be altered accordingly. 

Mr. J. R. Cowbell : As to the possi- 
bility of making ropes in lengths of 6,000ft. 
without any joints in the wires, the figures 
which I gave are based on a compound 
make of rope, i.e., 0/13, 6 16 or 0/19, as 
the remarks were made specially with re- 
spect to internal friction in ropes. As to 
the limit to which makers w-ill guarantee 
wires in one length, they will do this up to 
6,000ft., provided the finishe-d wire does not 
exceed ISOlbs. in weight, as this is the 
maximum weight that can bo sati.sfactorily 
manufactured in that class of steel. My 
authority is that of a good rope maker, and 
he said that he would guarantee ropes 
under these conditions to he uniform and 
absolutely good up to that weight. 

The Presioknt : Can Mr. Docharty 
pive tis details of the rope he inquired for? 

Mr: DocnARTY : The length was 8,000 
feet, construction 6/7, diameter liin., and 
tliey distinctly said they could not guaran- 
tee the wires in one length. 

Mr. Vaivuian : There is one matter 
which was alluded to at last meeting, and 
which might be disposed of at once. ^fr. 



Woodburn said : — ' * Regarding the use of 
winding ropes, it is interesting to not« that 
in Great Britain, where a large amount of 
mineral is hoisted, the number of accident B' 
from the breaking of winding ropes is very- 
low, and the Government regulations do 
not make it compulsory to use any form of 
safety catch." This might lead one to 
suppose that winding ropes do not break in 
England, which, of course, is not a fact. 
In support of this statement I will submit 
to you an extract from the ** United King- 
dom Mines and Quarries* Statistics " for 
the year 190Q. 

Table 68. 

Fatal Accidents caused by Ropes and 
Chains breaking at all Mines under the 
Coal and Metalliferous Mines Regulations; 
Acts during the years 1898-1902. 
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This table includes not only the accidents 
which happened while men were being 
raised or lowered, but also a large number 
of cases in which ropes or chains broke and 
let trucks run down inclines and strike 
persons. 

Owing to the increase in the number of 
fatalities from ropes and chains breaking 
during the last few years, as shown by* 
Table 68, a return was obtained from the 
mine owners in the Kingdom of all break- 
ages of winding ropes by irhich men were 
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raised and loweredf no matter whether the 
accident was attended by personal injury 
or not. The results are summed up in the 
following table : — 



The President: It would be a very 
simple solution of the whole subject to open 
up a rope at different points, and if the 



TABLE 64 



Sammjiry of Returns of Breakages of Winding Ropes by whlcli 


men were drawn in all Mines, 


under the 


Coal and Metaliiferoas Mines Regnlatlon Acts, during 


the year I9»2. 


1 


Causes of Ropes 




Number 






breaking 


Number of 


of Mines 


Guides. 




by which men 


Persons. 


where 




1 


were drawn 




Ropes 




No. DiMtrict. 






« 


broke 
in which 




- - 


















On 






Safety 


Number ! 




In 


Inclined 


Killed. 


Injured. 


Catches 


of Mines {Nature of 


1 


Shafts. 


Planes. 






were in 
use. 


where ' Guides, 
used. 1 


1 East Scotland 


6 


2 








4 


Wood 


2 West Scotland 


5 


2 








5 


Wood 


:i 1 Newcastle 


5 


— 


— 






\ 2 
i 1 


Wood 
Wire 


4 Durham 


1 










1 Iron 


J) 1 Yorlc and Lincoln 1 4 

1 






1 




\ 2 Wire 
i 1 Wood 


4» ' Manchester and Ireland 4 

1 


1 






2 


3 


Wood 


7 Liverpool and North Wales ... 


4 


1 




1 




1 1 

t 1 


Wood 
Wire 


S Midland 


3 


3 






1 


|2 


Wood 
Wire 


9 Stafford , 7 


— 


2 


3 


— 


t5 
1 1 


Wood 
Wire 


10 Cardiff 


3 


1 


1 




1 


2 


Wire 


1 1 , Swansea 


2 


4 


1 






5 


Wire 


12 Southern 

1 


6 




8 






(4 
1 2 


Wire 
Wood 












1 


25 Wood 


X UvOl ««• ••• ••• 


50 


14 


12 


5 


' 4 


20 


Wire 






' 




•i 


1 


Iron 


1 


64« 






1 







* In six of these instances it was the coupling which actually broke. Four cases of rope breaking 
in shafts, and five on inclined planes, during the year 1902 were reported, in addition to the 64 cases ; 
but as the ropes were not used for winding men, the figures have not been included in this table. 



The table shows that there were 64 cases 
of ropes breaking — 50 in shafts and 14 on 
inclined planes. Fortunately, most of these 
breakac^es happened at times when men 
were not being wound, and only 12 persons 
are reported to have been killed. 

Mr. H. H. Johnson : I would like to ask 
Mr. Epton if I am right in interpreting his 
remarks with regard to untwisting the rope 
to mean that if the rope did not go back to 
its proper place it is no longer fit to be used. 

Mr. Epton: That is certainly what I 
implied, and what I think would probably 
be the case. If the wires would not go back 
to their proper place, they would have been 
too highly strained to be safely used. 



strands did not go back into place to con- 
demn the rope. 

Mr. Berry : I have opened up both new 
and old ropes, and the strands have always 
gone back into place. I think the ropes can 
be opened up far enough for purposes of 
investigation without endangering their 
utility, if proper care is taken and soft 
clamps used. 

Mr. Epton : I might say, that although 
Mr. Whyte disagrees with the practice of 
opening up ropes, Mr. Thomas went out to 
a mine and carried out the experiment, and 
came back and told me he did not consider 
it hurt the rope in any way. This rope is 
known to be still working. 
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Mr. ^Iayhkw : With regard to this^ ques- 
tion of opening up ropes, if the rope is 
opened by means of two Spanish windlasses 
and care is taken that the bar which is' put 
through does not touch the rope, and these 
Spanish windlasses are put on the rope 2 or 
3 ft. apart, unless the rope is in a serious 
condition I will guarantee that it will go 
back to its original position every time. As 
to putting clamps on the rope, I entirely 
disagree with it. 

Discussion adjourned. 

WIRE ROPES USED FOR WINDING: 
THEIR STRENGTH, AND SOME 
CAUSES OF ITS REDUCTION. 



Paper by Messrs. J. A. Vaughan and W. 
Mautin Epton (Mcmbcrfi). 



CONTINUED DISCUSSION. 

TiiK President (Mr. A. C. Wiiittome) : 
I should like to refer to one point which 
has occurred to me. iVt our last meeting 
Mr. Vaughan referred to two tables giving 
details of accidents, fatal and otherwise, 
with wire ropes in mines of Great Britain. 
That table, of course, is most interesting, 
but I hope at the end of the discussion, 
when the authors are replying to the dis- 
cussion on their paper, that we shall have 
an even more detailed table given us of 
similar accidents in the Transvaal. The 
table as it stands is not of very much use, 
because it is no g<Jf)d telling you how many 
people get killed unless we are also told 
how many people are working, and in order 
to make a fair comparison as to whether 
the system of haulage at Home is better 
than the system of haulage here, we must 
not onl}'^ know the number of people in- 
jured, but the number of ropes employed 
and the number of men working on the 
mines. If Mr. Vaughan can see his way 
to give us such a return as that, it will be 
of the greatest interest to us. 

^Ir. Johnson : In reading Messrs. 
Vaughan and Epton 's paper through care- 
fully, and being able to digest it a little 
better than when hearing it read, there are 
one or two questions I would like to put to 
the authors. In the first place, there is a 
good deal said about the bending teste of 
wires. I should like to know at what point 
the wire is said to be broken after being 
tested in the bending machine. We know, 
as a general ruje, that when a wire is bent 



backward* and forwards it will go on bend- 
ing until you bend it once too often, and it 
will break. But that is not always the 
case. Sometimes it will go on bending 
after a fracture takes place before the 
separation actually takes place. With re- 
ference to the bending test, we are g'wen 
one or two different methods of doing it. 
For instance, in the Government Labora- 
torv here the wires are bent over 1 in. 
radius, whereas in Germany the radius is 
given as equal to '19 of an inch. We also 
have results obtained m the Province of 
Anhalt, Germany, in which the radius is 
not given at all. Now, that gives us prac- 
tically three bases, and we have got to make 
comparisons between them. There is a re- 
mark made in the paper to this effect (page 
201): " Table 1 shows the results obtained 
by the writers in the Mines Department 
Mechanical Laboratory in tests of wires of 
various sizes taken from new ropes. The 
ultimate tensile stress varied from 82'G tons 
to 159*8 tons per sq. in. The number of 
bendings (180 deg.) over J in. radius ob- 
tained varied from 4*9 in the case of crucible 
steel wire of '128 in. diameter to 50*7 in. 
in the case of a best plough vire of 051 in. 
diameter. To compare the number of bend- 
ings in different sized wires of different 
grade steels is a difficult matter. The great 
difl&culty lies in the fact that the breaking 
stress of the material decreases as the 
numher of applications increases.** (The 
italics are mine.) I take it that the authors 
mean by that statement that the breaking 
stress of the material decreases in the same 
ratio as the number of bending applications 
increase. But they go on a few lines fur- 
ther down to say: " Regarding the test 

, . ultimate stress 
from any standpomt , — =r^- ;T^r~ does 

V number of bends 

not give a correct bfilsis of comparison." I 
certainly agree with their latter statement, 
but I cannot reconcile it with their former 
statement, if I have read it correctly. It 
seems to me that the breaking stress cannot 
possibly decrease in the same ratio as the 
number of bendings increase. There has 
been a good deal said — principally outside 
these meetings — of the length of the test 
pieces supplied to the Goverrunent Labora- 
tory, and some people hold we do not get 
the best results, because the test pieces are 
too short. But the writers appear to have 
no doubt at all on the point. They say, on 
page 203, " they feel convinced, as pre- 
viously stated, that the test of a short speci- 
men of the whole rope, if carefully carried 
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out, ifl a fair test." Why, then, do they 
order the new testing machine to take pieces 
up to 20 ft. in length? It seems rather 
unnecessary to saddle the country with that 
hig machine if they get satisfactory tests 
from smaller lengths. On page 208 there ifi 
a reference made to Mr. Biggai-t's experi- 
ence. It says: *' Mr. Biggart's experience 
went to show that the severity of bending 
largely determined the life of a rope, and 
that generally a rope lasted twice as long 
when only bent in one direction as agamst 
those used under alternate stresses of 
riexure." I am a great believer in the 
Whiting hoist, and I should like to know 
how long a rope ought to last on a Whiting 
hoist. It seems that we could not expect 
to get a very long life, and, of course, there 
are certain known cases where the life has 
been a bit short. But if Mr. Biggart is 
correct, we ought to find that the '* over '' 
wound rope on a hoist should last twice as 
long as the ** under " wound; T merely ask 
*' Do we?" Table No. 7 is a very interest- 
ing table to me. It goes into a question 
rai*ely gone into by resident engineers on 
the mines. That is the factor of safety of 
ropes when the bending stress is taken into 
consideration. If you will glance through 
that tabk you will notice that it gives an 
alteration in the factor of safety when the 
bending stress is included. In vertical shafts 
the mean factor of safety, excluding bend- 
ing stress, is 15'8. In incline shafts the 
mean factor of safety, without bending 
stress, is 22 '6, whereas when the bending 
stress is included it is reduced to 5*1 and 
B'6 respectively. That seems to show a 
most extraordinary difference, and I can 
hardly believe it is entirely due to small 
sheaves, but should like the authors to state 
whether that is the cause of these low 
factors of safety, or whether it is due to 
anti-friction rollers in the shaft. There is a 
statement made on page 213 which I do not 
think could possibly have been made seri- 
ously, or else it must have been a misprint. 
Talking about the chemistry of the steel, 
they go on to say: " The fracture of metal 
which has been thus exposed, if moistened 
while still warm from the effort of breaking, 
froths and gives off copious bubbles for 30 
or 40 seconds, and oven the unbroken metal 
evolves gas bubbles when first immersed in 
water, especially if the latter be warn:. ; 
The frothing power is destroyed, and the ' 
flexibility nearly, and perhaps quit^ com- ■ 
pletely, restored v(»ry rapidly by lieating the 
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metal slowly by simple expoisure to the 
atmosphere at ordinary temperatures." I 
canuot see how by simple exposure to the 
atmosphere at ordinary temperatures you 
are going to make any impression on the 
metal. I think that probably wants ex- 
planation. I have to join in the chorus of 
other gentlemen who have regretted the 
reference to Mr. Comstock about American 
practice. I do not think that is quite true. 
I cannot imagine that even in America they 
would run their ropes until they broke, and 
in a valuable paper of this description I 
think it is only a little bit of frivolity. 

Mr. Vauguax : Replying to the question 
Mr. Johnson raises, without prejudice to a 
fuller reply later, I can say now that in 
testing the bending of wires the actual frac- 
ture of the material is the deciding point. 
The elongation is not taken into account, 
and nothing really tells you that the break- 
ing point is reached until the wire actually 
breaks. It is merely a question of bending 
the wire over a certain radius a number of 
times, and imtil the wire fractures. With 
reference to the latter points raised by Mr. 
Johnson, these refer to what are purely 
quotations, and I think Mr. Johnson will 
find they are inserted in the paper in quota- 
tion marks. We felt in writing the paper 
that we had to take into consideration what 
authors of standing had written with regard 
to wire ropes. The treatise of Marion Howe 
is an extensive work, and very valuable. 
Mr. Comstock 's article was quoted from 
Mineg and Minerals, and I think when our 
paper was read that a mine manager here^ 
with, at any rate, some American experi- 
ence, backed up Mr. Comstock 's remarks 
to a certain extent, and if any manager of 
equal or greater experience wishes to tra- 
verse these remarks, we should be verv 
pleased to hear them. I notice "Mr. 
Johnson does not speak from experience in 
deprecating Mr. Comstock 's remarks re- 
garding American practice, and we should 
welcome any remarks bearing the full 
weight of ex|)erience of American practice. 
Of course, a good deal of testing work is 
done by Americans. We quoted from 
laboratory practice in California, w'hich 
shows that the importance of testing work 
is not lost sight of. Mines and Minerals 
is a standard journal, and Mr. Comstock 
writes articles from week to week there 
which are expressive of perhaps average 
thought in America, and I think we did 
perfectly right in quoting him. 
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The President : There is one point which 
^Ir. Johnson brought up which I think is 
worthy of considerable discussion, and that 
is the effect the bending stresses have on 
the factor of safety. It is rather startling 
to find from the authors' tables that the 
factor of safety in incline shafts, excluding 
bending stress, on the mean of three ropes 
was 22 '6, and, including bending stress, was 
only 3*6; but I think you will find that the 
reason the compulsory factor of safety is so 
comparatively high is that it is, as provided 
by law, calculated solely on the static load. 
A certain proportion of the factor is taken 
to make allowance for bending stresses, and 
another portion for the extra bending stress 
due to small sheaves, and another portion 
for the extra stress whilst turning from the 
vertical to the incline. I think we may take 
it for granted that out of a factor of seven 
about four would be due to the dead weight 
alone hanging from the rope, so that, 
though it looks startling to have the factor 
drop so low when the bending stress is in- 
cluded, there is nothing to be seriously 
alarmed about. This is one of the most 
important points touched upon in the paper, 
and I think we ought to have a little more 
erpression of opinion from resident engineers 
on the subject. 

Mr. Leupold : The reason why the factor 
of safety on incline shafts for static loads is 
so much greater than in vertical shafts, and 
also why the factor of safety is reduced 
after consideration of the bending stress, 
T think is due in great part to the fact that, 
for incline shafts, in order to resist the wear 
that takes place through the rope sliding on 
the ground, ropes are made of thicker wires, 
and generally heavier than would be neces- 
sary otherwise. This, of course, would pro- 
duce a factor of safety much larger than 
would be the case if the mere weight was 
provided against. On the other hand, at 
incline shafts on the Rand generally, the 
pulleys and sheaves are small, being often 
(^nly 5 or 6 ft. in diameter. Bending these 
thicker wires over smaller sheaves produces 
»m extra bending stress, and hence the 
factor of safety is reduced in a greater de- 
j^'ree than if thinner wires w-ere bent over 
n larger sheave" as is the case wi^h a ver- 
tical shaft. T boliovo that may account for 
*^he great reduction in the factor of safety 
for incline shafts as against vertical shafts. 

Mr. Whyte submitted a small sample of 
worn galvanised strand for inspection, as 
promised at the previous meeting. 



Mr. DocHARTY : Referring back to my 
remarks at the last meeting, when I brought 
up the question of using nickel steel in wire 
ropes, I have since been able to turn up 
some information on this subject, and I find 
there is nothing new at all in the drawing 
of high strain steel wire from nickel steel. 
The information I have is that it has been 
in the use of the American Navy for many 
years, and it is used in the manufacture of 
torpedo nets. From the steel they use, 
steel wire is drawn containing 30 per cent, 
of nickel up to 90 tons of breaking strain 
per sq. in., and impervious to corrosion. I 
should like to impress this on the rope 
makers in town, so that they can find out 
more particularly if they can get us a 
higher breaking strain than that. The fact 
that it is entirely impervious to corrosion 
seems to me to be an important pomt. 
There is one other point. The paragraph 
in the paper having reference to reheating 
the wire at ordinary atmospheric tempera- 
tures is impossible for me to understand, 
and I should be pleased to have some ex- 
planation of this particular paragraph. 

The President : Are you questioning the 
English solely, or the fact that the wire 
would be completely restored? 

^Ir. DocHARTY : I cannot understand if 
you have got a heated wire how you are 
going to heat it again with the ordinary 
atmospheric temperatures. 

Mr. Vaughan : I think it is hardly neces- 
sary for me to correct the English in this 
paragraph. It is simply a question of — 
well — a question of understanding. You 
know — like the celebrated sentence in 
which, when the punctuation was omitted, 
it did not read quite so well as when the 
punctuation was put in. The same punc- 
tuation is adhered to now as occurred in the 
standard work. I think I could read the 
sentence so as to be quite intelligible to the 
audience here. Evidently the adversative 

but *' is intended, .though not actually 
expressed in the text. 

Further discussion on this paper was 
postponed, and the meeting then termin- 
ated. 



Dr. J. MoiR (contributed) : We are very 
thankful to Mr. Heymann for his carefully 
conducted experiments on corrosion, which 
ought to dispel a number of superstitions 
which seem to be current in engineering 
circles, Mr. Heymann complains that the 
authors of this paper have not sided with 
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•<nther of the controversialists on the ques- 
tion of CO, or HaOa as the cause of corro- 
sion. Well, the fact is that probably both 
parties are in the right, according to the 
<:onditions of the corrosion, for both H,0, 
and CO9 must be concerned in ordinary 
^itmospheric corrosion, whereas in the action 
■of mine waters HjO, cannot be concerned. 
There is no getting away from the fact that 
H2O2 cannot exist in the presence of ferrouj? 
i>alts. 

Mr. Heymann has also done a public ser- 
vice in *• showing up " that Crown Deep 
water, which, in spite of its supposed 
extraordinary properties, turns out to be 
very like its fellows. The percentage of 
free sulphuric acid works out at 0028 per 
cent. It is quite certain that acid of such 
weakness cannot attack iron with liberation 
of hydrogen in the cold, and that the corro- 
sion really depends on the presence of 
atmospheric hydrogen, and is aided by the 
i-atalytic action of the iron salts, as ex- 
plained in the authors* paper. As the 
authors remark, it requires strong acid to 
attack iron in the absence of oxygen; it is 
not this direct action of acids that is serious, 
but the catalytic action of the iron salts. 
Cher things being equal, one would expect 
more corrosion from the salts of a weak 
acid such as COa than from the salts of a 
strong acid, because the former can easily 
dissociate into oxide and free acid, and the 
latter cannot do so. 

With regard to the increased action at 
bends. I am pretty sure that the energy of 
the molecular strain has nothing to do with 
it, because it is infinitely smaller than the 
chemical energy of the solution of iron. I 
have not worked it out mathematically, but 
it is pretty certain that the potential energy 
at a bend is less than loVff of fhe chemical 
energy available. 

The actual effect is more likely to be due 
to a porous condition of the metal under 
strain, so that it is rather a separation of 
crystals than a strain of molecules which 
takes place when the wire is bent, and this 
separation gives a larger surface for the acid 
to act on. 

T thoroughly support what Mr. Heymann 
says about the statement of the results of 
analysis of mine waters. Only actual 
jicidity to Congo-red or methyl-orange (not | 
litmus or phenolphthalein) should be 
counted, and the method of determining 
total SO3 and subtracting that correspond- 
ing to the iron found is quite fallacious. 



Mr. Heymann 's sixth experiment shows 
that galvanising gives a very considerable 
protection, even though zinc is much more 
easily dissolved by acids than iron. With 
waters containing only 0*02 per cent, of free 
acid like the Crown beep water, the direct 
solution of the zinc in acid need not be 
feared. 

However, if the coating gets injured, 
there is some doubt about the result. 
Theoretically it should still protect the iron, 
even when the latter is exposed, because 
the iron is the electro-negative element in 
this galvanic couple, whereas with copper 
or tin the iron is electro-positive and gets 
attacked if the protectipg coating is injured. 
Probably, however, the protection of zinc 
is only slight after the iron is exposed, be- 
cause the two metals are so close in the 
galvanic scale. Mr. Vaughan informs me. 
however, that zinc is used with great suc- 
cess in marine boilers in order to prevent 
corrosion by making the iron plates electro- 
negative. Since this is so, there is a very 
strong presumption that it will be a success 
as applied to wires. I am doing some ex- 
periments to tcAt the protection of zinc, and 
hope to communicate the results before the 
end of the discussion on this paper. 

WIRE ROPES USED FOR WINDING: 
THEIR STRENGTH AND SOME 
CAUSES OF ITS REDUCTION. 



Paper by Messrs. J. A. Vaughan and W. 
Martin Epton (Members). 



A Correction. 

Mr. Mayhew : With regard to Me«.si><. 
Vaughan and Epton 's paper, a statement 
was made during the discussion by a mem- 
ber of the Council which I have since found 
was incorrect. Mr. J. A. Mills at a meet- 
ing held two months ago made a certain 
statement in which my name was men- 
tioned personally. It was a question of 
galvanised versus black ropes, and Mr. Mills 
said : — 

** Since the War we have had occa- 
sion to put in two new ropes on 6ft. 
drums, 6 ft. headgear pulleys, and com- 
pound shaft. One rope was supplied by 
Mr. Mayhew, and the other (galvan- 
ised) was supplied by Mr. Whyte. The 
non -galvanised rope ran for two years 
and two months, and Mr. Whyte 's rope 
ran for two vears and fivo months. The 
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results were slightly in favour of the 
galvanised rope. In cutting the rope 
the galvanising in all cases was intact." 

Mr. Mills promised me that he would 
attend this meeting and make this correc- 
tion, and I would rather that he had ex- 
plained the matter. The Manager of the 
Company informed me that both ropes were 
put on on the 6th Febniary, 19()4, and when 
Mr. Mills made his stafement neither of the 
ropes had been taken off. The rope sup- 
plied by Mr. Whyte was taken off on the 
18th June, 1905, and the rope supplied by 
mvself was taken off on the 16th Julv, 1905, 
thus proving that the non-galvanised or 
" black " rope lasted about one month 
longer than the galvanised rope. 

TiiK Prksident (Mr. E. Farrau) : Mr. 
Mills is now quite a long way out of town. 
In regard to the statement of fact, that will 
be noted. 

WIRE ROPES USED FOR WINDING: 
THEIR STRENGTH, AND SOME 
CAUSES OF ITS REDUCTION. 



Paper by Messrs. J. A. Vatghan and W. 
Majitin Epton (Membrrs), 



Continued Discussion. 

Dr. J. Moni (contributed) : In my re- 
marks printed in the June number I pro- 
mised to communicate the results of some 
experiments I waa^ doing to test the value 
of galvanising as a protection for winding 
ropes against acid water. I now fulfil this 
promise. 

Probably the specimens which I exhibit 
will explain the method of experimenting 
better than any description, and what fol- 
lows is merely given for the sake of putting 
the method on record, and I can only hope 
that most of the sources of error have been 
eliminated. {Sec Table p. 139. — En.) 

Three wires tested in the Mines Depart- 
ment, Mechanical Laboratory (Nos. 124 H, 
K and M), were each divided into two por- 
tions, one of which was galvanised by dip- 
ping into molten zinc covered with zinc 
chloride. The effect of this treatment was 
tested as regards torsion and tension in the 
Mechanical Laboratory. 

For the chemical test, equal lengths were 
prepared, and a ])ortion ^ in. long filed flat 
to the centre of the wire. The ungalvanised 



•wires were then coated with sealing- wax, 
all except this filed portion » whereas the 
galvanised wires had merely the exposed 
ends waxed. In this way equal surfaces of 
iron were exposed, but in one case the rest 
was protected by an inert substance, where- 
as in the other the body of the wire was 
protected by zinc, forming a galvanic couple 
at the place where the zinc was filed away, 
of which the iron forms the electro-negative 
element. The actual areas of iron exposed 
were measured in each case and used in 
calculating the figures given in the fourth 
column of the table. 

The results show that galvanising exer- 
cises a markedly beneficial effect, even when 
the iron is exposed, which is particularly 
striking when the acid is weak, as it is in 
mine waters. In the preceding tables the 
letter a denotes ungalvanised wire, and b 
galvaniscnl wire. All experiments wore donti 
in duplicate, and at constant temperature. 

It will be noticed that the advantage of 
galvanising increases as the acid is more 
dilute, and that even the weakest acid used 
is stronger than any mine water. Series M 
shows an average advantage in galvanising 
of 88 per cent., series H an advantage of 
71 per cent., series K an advantage of 49 
per cent, at first, and a much higher ad- 
vantage in the second set where the wire 
had been already exposed to the acid. 

In conclusion, may I point out that your 
printer has made uie talk of " Atmospheric 
Hydrogen " as a cause of corrosion. Of 
course what I really wrote was '* Atmos- 
pheric Oxygen." 

Mr. J. R. Williams: In these tests Dr. 
Moir made on the wires, were the wires sub- 
merged in solution, or were the tests made 
in the ordinarv wav on the mine ? If in the 
ordinary way, it does not matter how weak 
your solution is as long as you have any sul- 
phuric acid present, as the water would hv 
evaporating all the time and the acid would 
be left behind, and you would reach a point 
of finality where you would have 100 per 
cent. acid. 

Mr. W. ]Mautin Ei»ton : I asked Dr. 
Moir that question this morning, and 1 
understood him to say they were immersed 
the whole time. 

Mr. J. R. Williams: Then I airi very 
sorry to say, with all due respect to Dr. 
Moir in the matter of this experiment, the 
results are of no weight whatever. What 
we want is commercial science, and I think 
it behoves us now to have a series of ex- 
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periments made of what actually happens 
in the shaft. In the Grown Deep it "has 
been stated that you have 06 per cent, of 
acid in the water. When that water drys 
oflf the rope the acid remains. You are at 
once confronted with the fact that the so- 
(ialled weak acid may become a very strong 
concentrated acid with the repeated immer- 
sion and dryin^i; of the rope. Therefore I 
think it behoves you to appoint a sub-com- 
mittee of your Institute to examine these 
experiments further from a very much more 
practical point than ordinary chemical 
analysis, which I do not wish to disparage. 

The President (Ur. E. Farrar) : I 
shovld like to ask Mr. Williams if he has 
experimentally proved the presence of this 
concentrated acid on wires? 

Mr. Williams: No. But I think it is 
quite obvoius. 

Mr. Cowell: Dr. Moir claims that gal- 
vanising improves the wire. Certainly the 
tests show a little increase in some ways. 
The elongation is practically doubled, but 
the torsion test is only about one- sixth, and 
this shows a marked defect in the wire. If 
you reduce the torsion test of the wire from 
30 to 5 twists, you have certainly spoilt the 
wire. 



^fr. Ei>TON : I may gay that the galvanis- 
ing was very roughly done, and I think the 
unevenness of the surface of the galvanising 
altered the torsion. If the galvanising had 
been doiie well and the wire re-di?awn, it 
would have made a difference to the tor- 
sion, because if you get an uneven surface 
on the wire it will alter the torsion in a 
marked degree. In this case, if you will 
look at tlie.se small threads vou will see that 
thev are not round. Mr. Co well mav be 
right — galvanising may have an effect on 
the torsion, but I am not quite sure 
wliether it is due to the alteration of the 
steel or to tlie unevenness of the zinc on the 
outside. 

The President : I should like to ask Mr. 
Epton whether the zinc showed any signs of 
leaving the wire in the process of torsion. 

Mr. p]i»TON : It did not leave at all. It 
broke off. I have still specimens in the 
laboratory if anyone cares to come round to 
see them. 

The President : From my own ex- 
perience on the subject, I am inclined to 
think that the tensile strength of the wire is 
decreased by galvanising. 

Mr. Epton : I would like to point out 
Ijiat we increased the area of the wire. I 



Name of 
Wire mech. 
Lab. No.) 


Stivngth of 

Sulphuric Acid 

in grams 

per 100 c.c. 


Amount of Weight of 
dilute KMnCH Iron dissolved 
used '1 c.c. = per square 
•00055 gm. Fc. inch. 


Breaking Ix>ad 
in lbs. 


Percentage 
Elongation. 


Number of 
Torsions 
in 8 in. 


124K ai ) 
124Kbi 
124Ka. 
124K b* ) 




0'm% for 
2 hours at 

ir>° c. 


0-47 -0065 gram 
0-32 0034 ,. 
0-39 0062 „ 
0-28 0031 „ 

1 


2^094 
2,116 
2,094 
2,116 


47 
10-2 

4-7 
10-2 


31 

r» 

31 
5 


124K ai \ 

124Kbx 
124K a. 1 
124K b^ ) 


0-24% for 
16 hourH at 
10° 0. 


4-92 -068 gram 
0-42 0045 „ 
4 16 066 „ 
0-29 -0032 „ 


2,094 
2,116 
2,094 
2,116 


4-7 
10-2 

4-7 
10-2 


31 
5 

31 
5 


124H ai \ 
124H b , 
124Ha. 
124Hb 


01 2% for 

24 hours at 

10° C. 


1-27 -0148 gram 
0-40 -0047 „ 
117 0178 „ 
0-42 -0046 „ 

i 


1,917 
1,962 
1,917 
1,962 


4-7 
7-8 
4-7 
7-8 


29 
21 
29 
21 


124M a. 1 
124Mbt 
124Mat 
124Mb*] 




0-061% for 

100 hours at 

10 to 15° C. 


2-90 ' aSHdgram 
0-38 -0042 ,. 
2-94 -0347 ,. 
0-36 -0041 „ 


2,138 
2,138 
2,138 
2,138 


5-8 
10-2 

5-8 
10-2 


30 
10 
31 
10 



The average diameter of the wires was 0-103 in. 
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do not know whether that has anything to 
do with it. 

Mr. Johnson : It seems to me that it has 
a great deal to do with it. The extra area 
of metal on these samples must increase the 
tensile strength of the wire, and at the same 
time it must explain the weakness in the 
torsional test. It is not receiving the same 
amount of support it would in any of the 
other tests, and, as Mr. Epton explained, 
it is practically united to the steel wire, so 
that when the zinc begins to fracture under 
the torsional test the fractures extend into 
the steel and weaken it. I expect it would 
show much better if the galvanising were 
done as we are accustomed to see it oone in 
practice. 

The President : The increase of strength 
given here is a little over 1 per cent. 

Mr. Epton : It would be extremely in- 
teresting if some rope manufacturer would 
make some tests, or send out some wires 
before and after they had been galvanised 
to me, and I would make tests of them. 
I have had several galvanised wires given 
me, but I have none of the same wires 
before they were galvanised. 

Mr. CowELL : With respect to Mr. 
Johnson's remarks about the outside of the 
wire being softer, that would be perfectly 
true in the case of any galvanised wire. I 
<lo not think it is possible to galvanise a 
wire and mak^ it stronger. 

Mr. W. S. Thomas : The galvanising on 
the wires which Mr. Epton has shown us is 
only very roughly done, and it is what would 
be considered a very poor class of galvanie- 
ing. Improper galvanising of wire has 
-caused a prejudice to galvanised ropes in 
many mining communities. Such galvanis- 
ing affects the strain and torsions of the 
wire considerably, but when properly per- 
formed galvanising makes only a slight 
change in strain and torsion. A wire would 
be lowered in strain by being passed through 
zinc bath, and I cannot understand why the 
strain of this piece should be raised unless 
it is on account of the thick coating of zinc 
on the surface. This zinc increases the sec- 
tional area, and, being such a thick coat- 
ing, it probably adds something to the 
strain. If the increased area and the break- 
ing strain per square inch of the zinc were 
known, it would be seen whether or not this 
is the cause of the extra breaking strain in 
the wire. Naturally, in galvanising such as 
this the torsions of the wire would be poor. 
By careful galvanising the wires can be 



made nearly as good as ungalvanised wires 
of the same size. A few years ago I tested 
some galvanised and ungalvanised wires of 
the same quality and size, and the galvan- 
ised wire was fully as good as the plain wire, 
though the strain may have been a trifle 
lower in the galvanised wire. 

The President: Were the wires you 
refer to from the same wire originally ? 

Mr. W. S. Thomas: I cannot say. It is 
a long time ago, and I am speaking from 
memory. I can distinctly remember two 
lots of wire of- the same size — one galvan- 
ised plough and the other ungalvanised 
plough. The tests were practically the 
same; if anything, I should say that the 
galvanised wire showed a better all round 
test. 

Prof. Pristek: In rambling through the 
Seymour Library I found in the January 
number of the **"Anales des Mines " of this 
year the result of an inquiry with regard 
to the ropes used on mines, ordered by the 
French Government in 1901. The different 
reports sent in by the mine inspectors have 
been collected and condensed by Mine In- 
spector Delafond. 

As the subject is mainly a mechanical 
one, I admit that it is mostly out of my 
line, but, seeing the interest taken by this 
Institute in the question, I could not resist 
the temptation to call your attention to it. 
I have not had the necessary time to trans- 
hite all the article as I would have liked to ; 
I only got the volume this morning for a few 
hours. 

The inquiry was ordered, as stated, in 
1901. and the following questions were put 
to the different inspectors: — 

1. What mines possess machines for test- 

ing ropes, and what is the maximum 
effort which these machines are cap- 
able of exerting? 

2. Have these machines ever been found 

too weak for the strength of the 
ropes? And if so, how has the test 
been made? 

3. When ropes have been discarded, was 

their disuse coincident with a very 
great loss of strength at the socket? 
What was the average reduction of 
this strength? 

4. At the deep shafts where the cables 

are carrying heavy loads, moving 
with great velocity, has it been found 
that the upper part of the ropes has 
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been more worn than at the socket? 
In such a case, what was the hfe of 
the rope? Specify for each case the 
depth of the shaft, the nature of the 
rope and its load at raising and at 
lowering. 

The replies collected form the basis of this 
contribution. 

Mines possessing Tcsiing Machines. 
Strength of the Machines. — Fourteen mines 
possessed at that time (1901) testing 
machines; to-day the number may be 
larger. The strength of the machines em- 
ployed varied from 25 to 150 tons per square 
centimetre. How are the ropes tested if the 
machines are of too low capacity? Some- 
times the machines were found to be too 
weak for the required test, but very seldom. 
The ropes to be tested are either flat or 
round. 

(A) Flat Hopcii. — The three following 
methods were employed: — First method: 
Stretch the rope to the maximum strength 
of the machine, stop the machine, cut the 
two external strands, following a course at 
right angles to the axis of the rope ; re-start 
the machine until the remaining strands are 
breaking oflf. The resistance of the single 
strand is calculated by assuming that it is 
equal for all, and it is further assumed that 
the resistance of the rope is proportional to 
the number of strands. This method is 
used by the rope manufacturers of Auby. 
In the opinion of Inspector Kuss, the 
method gives exaet results. 

Second method: Cut the rope longitudin- 
ally and test both halves. It is assumed 
tluit the strength of the rope is equal to the 
sum of the strength of the halves. From 
tests made in 1901 at the mines of Blanzj 
upon four wire ropes of eight strands each 
of a breaking strength of about 60 to 86 
tons, it was found that the difference be- 
tween the actual strength of the ropes and 
that obtained by the above method was not 
more than 1 per cent. For greater safety 
a reduction of 5 per cent, can be made on 
the sum of the strengths of the halves. 

Third method: Each strand is tested 
separately. At Lievin, it is assumed as a 
resiUt of numerous tests made upon fibrous 
ropes that the total resistance is obtained 
by adding together the strength of the single 
utrands and multiplying the total so obtained 
by a factor 1*16 to 1*30, while the smaller 
factor is used for the stronger ropes. 

(b) Round Hopes. — Evidently in this case 
the modus operandi must be different from 



that used for the flat ropes ; the test of the 
single strand could not be employed with 
any confidence, because the helicaidal twist- 
ing will remain after the rope has been un- 
rove. Therefore wire by wire must be 
tested. Two methods are generally used — 
that of the Company of Blanzy and the 
so-called Westphalian method. The method 
used at Blanzy is as follows: — 

The steel ropes employed at the shaft 
Maugrant have seven strands of 19 wires 
of No. 17; their strength when new was 
about 115 to 120 tons. Every wire is tested 
for tei^^ion as well as for bending. The 
bending tests are onlv of secondary import- 
ance, as they do not disqualify. The figures 
obtained from the single strength tests are 
totalled and the sum is reduced by 33 per 
cent. This factor was ascertained from 26 
experiments made in 1900 and 1901 with 
different i-opes varying from 144 wires of 
No. 16 to ropes with 152 wires of No. 10. 
In all cases it was found that the laying up 
reduced the strength so that the total was 
less than the sum of the strengths of the 
single wires. 

The WestphaliaJi Method. — By this 
method the breaking strength of the wires 
as well as their flexibility is consid^ered. 
The breaking strength of the single wires is 
totalled, those wires whose resistance is less 
than 20 per cent, of the average strength 
are eliminated, as well as those which do 
not stand a certain number of flexions. 
This last number varies with the diameter 
of the wire, increasing as the diameter is 
smaller. At Blanzy they declare that this 
formula gives wrong results. By applying 
it to the 26 ropes tested as above they 
would all have been disqualified, when, on 
the contrary, the direct tests had given 
satisfactory results. 

Reasons for Discarding fhe Ropes. — Has 
a diminution of strength been observed at 
the socket? Value of this reduction. The 
information obtained from the different 
mining engineers can be summed up as 
follows : — 

In the North Departments all the ropes 
used are fibrous, and the same can be said 
for the Pas-de-Calais. In the Department 
Saone-et-Loire we have a report upon 19 
wire ropes used at the mines of Blanzy for 
raising men. Two have been discarded 
owing to severe injuries sustained during 
working. The other 17 were discarded for 
wear and tear, which was evident from the 
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luany broken wires. The reduction of 
strength at the socket of 14 ropes was : — 

to 5 per cent, for 7 ropes> 
5 to la „ 4 ,. 

10 to 20 ,, .8 „ 

At Blanzy the ropes were also mostly dis- 
carded for broken wires, the reverse of what 
had been observed in the case of the fibrous 
ropes. 

Mining Inspector Nentien expressed the 
opinion that the tests for the wire ropes do 
not furnish any exact diagnosis of- these 
conditions, and thinks that this ^iU lie more 
an4 more the case, as the use of hard steel 
ropes of fflreat strength bec«>rties general. 
He says m&i regule^ and fife^uent inspec- 
tion of the ropes is necessary for the safety 
of the men. Engineer Glaser is also of the 
opinion that for wire ropes the breaking 
tests are of less value than for fibre ropes. 
Wire ropes can give satisfactory breaking 
tests, but, nevertheless, the wires have lost 
their ductility, and will break at the 
.smallest bending or shock : therefore it is 
the breaking of the wires that decides the 
discarding of the ropes. 

In deep shafts where the ropes are carry- 
ing heavy skips, moving with great velocity, 
has a greater wear and tear been observed 
at the upper part of the cables than at the 
socket ? 

All engineers having declared that, inde- 
pendently of the depth of the shafts, the 
upper part of the rope was always more 
used than the lower part, it remains only 
to be seen whether this wearing at the be- 
ginning of the lift (jerk) is becoming more 
accentuated in deep shafts. Other figures 
and observations made upon fibre ropes, not 
having a special interest for the "Rand, may 
be passed over. 

Mr. Delafond says that we have not 
enough data for solving definitely the pro- 
blem, and must therefore await further in- 
formation from tests which he is suggesting. 
These tests should be carried out with the 
discarded ropes. 

Information (Jained from thk Inquiry. 

The information obtained from the in- 
quiry is rather scanty, but nevertheless 
some interesting points have resulted. 

(a) Wearing of ihe Hopes. — The fibre 
ropes wear unequally, the wear manifests 
itself principally at the socket and at the 
enlevage, but the greatest wearing is mostly 
observed at the latter point. Under equal 



conditions it is probable that the wear or 
loss of strength is greater at. the enlevage; 
the deeper the shaft, the heavier the load 
is. For the wire ropes the same could be 
said, but the loss of strength is less at the 
socket. The principal cause for discarding 
the ropes is the rupture of wires at the 
enlevage. The weakness at this point is 
more important than has generally been ad- 
mitted. One of the principal causes of this 
weakness, which has never been remarked 
upon before, is mentioned by Engineer 
Giaser. The shock at the upper part of the 
rope is produced by the slowing down, m<^e 
or less briskly at the end of the run, by the 
vis viva of the cable and the descending 
skip. It must be remembered that in past 
times the quantity of mineral extracted was 
less, the shafts not so deep, the velocity of 
the skips, not so high, and consequently less 
shocks were produced by the varying veloci- 
ties. To-day, however, there exists a new 
cause for weakening the ropes which did not 
appear and attract attention in past years. 
The weakening at the socket, to which more 
attention was given in the past, is to-day of 
secondary importance in consequence of the 
precautions taken by the more frequent 
changing of the lower part of the rope, by 
better guides, which are reducing the shocks 
at the lower part of the ropes, and by better 
springs used for the suspension of the skips. 

(b) Tesis to he made on ihe Ropes. — 
These tests can only be made at the lower 
part of the ropes at the time of re -capping. 
By themselves they do not furnish sufficient 
information as to the general conditions of 
the rope, but nevertheless they should be 
regularly made, as they furnish very useful 
information. It is certain, at least for the 
fibre ropes, that at the moment the tests 
made at the socket are not satisfactory, the 
enlevage is certainly in bad condition, and 
the rope must be changed immediately. 
But for elucidating a series of very impor- 
tant questions, which to-day are still unex- 
plained, it appears to be very useful to 
submit the discarded ropes to a series of 
tests. In this way it would be possible to 
discover the laws regulating the relation 
between the strength of the ropes at the 
socket and at the enlevage, and to better 
obtain information as to the time when the 
ropes should be discarded. All engineers 
who have studied this question arrived at 
the same conclusion. 

(c) Hoir io make ihrse Tesis. — Often 
verv serious difficulties are encountered in 
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currying out these tests. The loads are be- 
coming greater and greater as the depths of 
the shafts are increasing; the ropes must 
become more and more resistant, and the 
testing machines are found insufficient. 
The following methods have been used for 
solving the problem: — • 

For Flat Ropes. — Every single strand can 
bo tested separately and the results summed 
up, as is done at Lievin. This total is then 
multiplied by a factor which is found by- 
ex perience. 

Another method, which seems to be pre- 
ferable : a part of the rope is tested — for in- 
stance, the half. It is found that the 
strength of the whole rope is proportional to 
<he number of the strands, but nevertheless 
it is advisable to reduce the figures obtained 
by 5 per cent. 

Round Wire Ropen. — For these ropes the 
problem is more difficult. In some mines 
the Westphalian method is employed, but, 
as we said before, this method is subject to 
very serious criticism. The differences ob- 
tained at Blanzy between the calculated 
strength following the Westphalian method 
and the direct tests are very great indeed. 
Some may aisk whether the tests made at 
Blanzy have been carried out in the same 
manner as in Westphalia, or whether the 
steel used at the different mines is not of a 
different quality. In France, at least, the 
formula should be employed with all pre- 
cautions. The other method, proposed by 
lilanzy, is as already described — to test 
separately every wire and to admit for the 
total strength of the rope two-thirds of 
the sum obtained by adding all the 
single strengths together. This method is 
certainly very simple ami useful, but before 
admitting: it generally it should be con- 
firmed by numerous experiments made at 
<^t}ier mines. The two described methods 
arc empirical and give only approximate 
results, which often vary from each other. 
Consequently the direct method should be 
used as much as possible. But here we 
meet difficulties of another character. First, 
machines able to give an effort of 150 to 
2(X) tons are expensive ; secondly, because 
the rop<» may break at the point of attach- 
ment. At the Conservatoire des Arts et 
Metiers in Paris a 300-ton machine has 
been erected and has given very satisfac- 
tory results. Delafond gives the details 
as to how these tests should be carried out. 
He a<l vises the mine owners to send their 
ropes to the aforementioned laboratory 



where thev could be tested. In conclusion, 
Delafond says: *' Under the actual manu- 
facturing conditions, the ropes are wearing 
principally at the point of the lift-up (en- 
levage) the weakness manifesting itself also 
at the socket (patte) but less accentuated. 
These differences in the wearing are more 
pronounced in wire ropes than in fibre ones. 
It is the lifting point that must be specially 
controlled and which must be, if possible, 
strengthened more than is done to-day. The 
tests made at the socket, when the rope is 
re-capped, are certainly useful; but it is 
of the highest importance that other parts 
of the rope should be tested, when it is dis- 
carded, in order to discover the relation 
existing between the weakening at the 
socket and the lifting point for every shaft. 
As the mine-owners do not possess the 
necessary testing machines, tests should be 
carried out in a central institute." 

SOME PRACTICAL SUGGESTIONS 
ARISING FROM Messrs. VAUGHAN 
AND EPTON'S PAPER, ENTITLED: 
WIRE ROPES USED FOR WIND- 
ING. 



By G. A. and H. S. Denny. 



The valuable and highly instructive con- 
tribution on wire ropes by Messrs. Vaughan 
and Epton calls for general appreciation, 
but specially so perhaps on two points : — 

(a) Actual value of information. 

(b) Clear and lucid presentation. 

So much do these points impress them- 
selves on the writers that they venture to 
put forward a suggestion to the two gentle- 
men named that their investigations be 
pursued a little further in a direction which 
the writers will endeavour to indicate in 
these notes. 

At the outset it will be admitted that 
from the academic point of view the contri- 
bution under notice fills a want, and the 
theoretical student will benefit largely by 
keeping it as a reference work for the mat- 
ters with which it deals. 

From the practical man s point of view, 
however, it seems to the writers that there 
is an absence of constructive suggestion, 
which would seem well within the scope of 
the contribution, but which has not been 
supplied. 
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On a mine, the care of and responsibility 
for the winding ropes lies in the hands of 
the resident engineer and the mine rigger. 
It is not to be expected that the resident 
engineer can always be an expert on rope 
construction, or the relative effects of kine- 
tic shocks and nascent hydrogen. He knows 
what Lang's Lay is, and he can figure what 
his load is, and he knows something of the 
difference between crucible and plough 
steel; and from these data he can say 
roughly what size and class of rope he re- 
quires for a given duly. But the more 
scientific details with which Messrs. 
Vaughan and Epton deal, he takes interest 
in only in the abstract, and the multifarious 
duties which fall to his daily lot must 
almost invariably .prevent his going further 
into the matter. Whilst therefore the 
manufacturer, the student, and the framers 
of Govemnient regulations may gain much 
from the paper under notice, it is doubtful 
whether it goes far enough to assist the 
engineer in the practical handling and run- 
ning of his ropes. 

On page 204 of the April Journal, Messre. 
Vaughan and Epton detail a number of 
causes of rope deterioration, but their treat- 
ment of the remedies to those evils is cer- 
tainly incomplete. 

The writers suggest, therefore, that the 
thorough knowledge of the disabilities at- 
tendant on wire rope handling, so clearly 
evidenced by Messrs. Vaughan and Epton 
peculiarly fits them to complete the state- 
ment already submitted by a further con- 
tribution, dealing with the proper precau- 
tions to be observed, from the hoist drums, 
to the furthest point from which hauling is 
to be carried out. 

The following set of questions might be 
taken as a basis on vvhicli to work, and 
although these are not intended in any way 
as covering all the points in this considera- 
tion, they will serve to make the meaning 
of the writers quite clear. 

I. delation of drum diameter to rope 
diameter. 

IT. Method of attacliment of ropes to 
drums. 

IIa. The crushing effect on the under- 
laps, on a drum which has numer- 
ous layers of rope wound upon it. 



III. Best angle of inclination from drum 
to headgear sheave. 

IV. General disquisition on sheaves ani 
guide rollers, including weight, - 
diameter and design. The evils of 
too much weight in the sheaves,, 
and the effect on the rope con- 
struction when it, by reason of the 
weight of the sheave, virtually 
acts as a brake. The necessity for 
careful lubrication and free move- 
ment, renewals of wearing parts of 
rollers, etc. 

V. Method of attachment of rope to- 
skip or cage. Various methods in 

use and suggested practice. 

VI. Rope dressing prescription from- 
which dressing can be made on 
the mine. Different dressings for 
varying conditions, frequency and 
best method of dressing, automatic 
appliances for constant dressing, 
evils of neglect of dressing and evi- 
dences of neglect of dressing. 

VII. Rope deterioration — evidence of and 
danger signs. 

VIII. General printed regulations for t he- 
use of mine engineers. 

IX. Sampling water for acid tests. 
X. Twisting and kinking of ropes — how 
to be avoided or eliminated. 

XI. General and sundry information. 

In the opinion of the writers, deterioration 
of ropes is more generally due to negligent 
handling than to faulty construction. 

The diversity of opinion in regard to all of 
the above points, so noticeable as between 
mine and mine, is in itself evidence that 
there is room for a proper investigation of all 
these matters. 

As before stated, Messrs. Vaughan and 
Epton have so great an interest in the sub- 
ject, and such conspicuous ability in dealing 
with it, and, moreover, their position in re- 
gard to the industry will so facilitate the col- 
lation of the data necessary to deal with the 
above points, that the writers believe they 
are particularly fitted to deal with them. 

The writers are prepared to submit all in- 
formation regarding the practice on the 
mines with which they are connected which 
bears on the question of wire ropes, and they 
venture to think that there would be no 
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difficulty in obtaining the same information 
from all the other mines on the Witwaters- 
rand. 

The writers desire again to express their 
great appreciation of th« value of Messrs. 
Vaughan and Epton's communication, and 
trust that they will add further to the in; 
debtedness of the Hand engineers by making 
their views known in detail upon the lines 
of the practical suggestions which the writers 
have made. 

Mr. Wager Bradford : There is one 
thing I should like to say with reference to 
Mr. Williams' remarks on the concentration 
of acid water on the rope. In deep level 
mines, most of the acid water occurs below 
the vertical portion of the shaft. In the 
vertical, although there is a great deal of 
drip, the water is comparatively pure, as it 
does not come in contact with oxidising 
mineral formations. It is the water draining 
through the stopes to the inclines which 
carries the acid, and for this reason, if con- 
centration of the acid does take place on the 
surface of the rope, the portion running in 
the incline should show much more corrosion 
than the upper part. In practice this 
actually occurs, and that part of the rope 
most frequently immersed, viz., the last 
200 to 300 feet"^ is usually the first to go, 
while the portion running in the compara- 
tively dry incline, where the water is flowing 
on the shaft bottom, is less injuriously 
affected. 

Mr. A. W. K. PiKUCE : Harking back to 
the samples furnished by Dr. Moir in con- 
nection with his test, the result of the im- 
perfect galvanising would appear when put- 
ting the wire through the torsional machine, 
and it would start to go where the diameter 
was small. The twist in the wire would not 
be uniform throughout the length between 
the jaws, so that the twist per inch of the 
actual section which broke would be quite 
high. 

Mr. W. Martin Eptox : I think that is 
quite true, and is most probably the cause 
of it. 

Mr. A. W. K. Pierce: And, therefore, it 
would not apply to a piece of rope which 
was galvanised by a commercial man. 

Further discussion was then adjourned. 



WIRE ROPES USED FOR W^INDING: 
THEIR STRENGTH, AND SOME • 
CAUSES' OF ITS REDUCTION. 



Paper by Messrs. J. A. Vaughan and W. 
Martin Epton (Members). 



CONTINUED DISCUSSION. 

Mr. F. A. .Bullivant: I am extremely 
obliged to you for the opportunity you have 
given me of making a few remarks on the 
extremely able paper under discussion, and 
I cannot but compliment the writers on 
the very interesting statistics with which 
they have filled the paper. Unfortunately 
I have only just arrived in this country, and 
have not had time to go thoroughly through 
the paper, and the discussion thereon. 
However, I w-ould like, with your permis- 
sion, to make a few remarks. 

I note that the paper deals only with the 
local working conditions that exist on either 
the gold or the coal mines here, but so 
thoroughly have the writers of the paper 
worked up their subject, that, so far as I can 
see, they practically apply to mining all 
over th^e world. I quite agree that the dura- 
tion of the life of a winding rope depends 
to a great extent on the suitability of the 
work it is called upon to perform, and great 
importance, in my opinion, should be attach- 
ed to this. The writers of the paper state 
that they do not attach much importance 
to the loss of toughness and ductility which 
is obtained in working the extremely high 
tensile ropes at present so much in use in 
this country ; and here I would rather like to 
differ with them, as my experience of the 
last 25 years of the testing of steel wire, 
of every grade, shows me that there is at 
times a veiT considerable brittleness exhibit- 
ed in the high tensile strained wire, and 
therefore a considerable loss of ductility. I 
have myself tested tons and tons of this 
quality of wire, and when drawn to strains 
of 130 English tons on the square inch and 
above, there is no doubt that you can take 
a parcel of this wire which gives at the ends 
of the bundle most excellent results for 
ductility, but on cutting these bundles in 
the middle and testing, you will get a very 
different result. 

I have brought over with ncre, for the pur- 
pose of the Government Commission which 
is about to sit, samples of wire bearing out 
the remarks I have made, but unfortunately 
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the case in which th^y are contained has not 
yet arrived here, otherwise I should have 
exhibited them to the Institute. In fact, I 
may say that my experience is the same as 
that quoted by Mr. Kenneth Austin, that 
there is too Uttle consideration given here 
to the torsional test and too much to the 
tensile strength; some of the finest samples 
of the working of winding ropes having b6en 
obtained from wire drawn to a very much 
less strain on the square inch than that in 
general use here. Neither am I inclined to 
agree with Hrabak when he states that the 
torsion test appears to him to be of less im- 
portance than the bending test. I have 
often found in the testing of wire, that where 
good bending test Ls exhibited, it is not al- 
ways accompanied by a good torsional test, 
but, on the other hand, good torsional tests 
are always accompanied by good bending 
test. And here I may remark incidentally, 
that it is a very good plan in taking a tor- 
sinal test to put a chalk line along the wire, 
and if this is done, the spiral lines produced 
by the rotations are clearly shown along 
the length of wire. 

I liave read with very great interest the 
remarks quoted from Hrabak, w^th reference 
to what he calls the stiff strand, and I quite 
agree with the writers of the paper that the 
core wire in the strand is very much prefer- 
able to the hemp core, provided always that 
the core wire is of a sufficiently soft nature. 

There is no doubt that the fact of a hemp 
core being in the strands of a winding rope, 
is apt to displace the wires after the rope 
has been in use for some time, more 
especially if riding turns are allowed on the 
drum, which I understand is almost univer- 
sal here. 

I may state that I am in accord with the 
writers of the paper when they state that 
they favour a standard specification for 
winding ropes, and that the tensile strength 
and ductility should be stated in a more 
exact manner. 

With reference to the remarks extracted 
from Messrs. John A. Roebling, Sons and 
Co. 's catalogue, my experience in testing of 
rope coincides with the writers of the paper, 
and I have never found the nicking or crush- 
ing effect of one wire upon the other in a 
Lang lay rope. This, however, I have no- 
ticed when the strands have been made of 
a compound construction and laid with the 
inside wires in an opposite direction to the 
outside wires, and I believe that I have in 



the case of samples, to which I referred 
before, samples showing 'these nicks pro- 
duced when the rope has been under strain 
in the testing machine. I have examined 
with very great interest the tests made by 
the writers of the paper at their laboratory, 
and I congratulate them on the results which 
they have obtained. In my opinion, the 
'methods adopted by them are fully in 
accord with modem practice, and I also 
agree with them that the tests conducted on 
short lengths of rope are equal to those con- 
.ducted on longer lengths. 

The tests of rope which my Company have 
to make are, of course, extremely numerous, 
and the method used by the writers of the 
paper would take up a great deal too much 
time in busy works such as our own, where 
we are practically testing all day, and fre- 
quently all night. We therefore use a form 
of grip for the rope, of which I herewith 
hand you a diagram for your inspection. 
You will see that this diagram is marked as 
showing the method by which the Admiralty 
insist that ropes should be tested, this 
method having been adopted from us. 

But I say at once that the methods adopt- 
ed by the writers of tlie paper generally givt^ 
a better result in testing than those obtained 
in grips, as it very often happens that the 
ropes will break under the compression of 
the grips ; but so long as the ropes thus 
tested give the strain required, it is suffi- 
cient for our purpose, and no doubt in 
the case of rope having broken in the grips, 
had it been tested in the manner adopted 
by Messrs. Vaughan and Epton, the results 
would have been a little more favourable. 

I read with the very greatest interest that 
the Mines Department Mechanical Labora- 
tory are putting down a 200 English tons 
Buckton horizontal testing machine, and 
should they, when the machine is erected, 
require to test it up to its fullest capacity, 
my Company will have the very greatest 
pleasure in sending them a rope or ropes 
for this purpose, if they will kindly state ex- 
actly what breaking strain they would like. 
Whether it should give 108 or 109 tons, I 
can promise them a rope with the exact 
strain that they require. 

Circumstance 8 that increase the external 
wear of ropes. — ^I have read the remarks 
made by the writers of the paper and they 
practically agree with mine, but I would 
like to add to the list which they give on p. 
205 of the Journal, first column, *' decrease 
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in the sectional area of the wire in the rope 
as well as the breaking of the wires," viz., 
in addition to those already mentioned by 
the writers, I suggest that great care should 
be taken in the capping of the ropes to see 
that sufficient length of service or binder is 
securely put on the end of the rope, other- 
wise, witli the high tensile strained wires 
which are in use here, it will be found that, 
unless great care is taken, some of these 
wires will spring. And if this is not noticed 
by the rigger, these slackened wires, directly 
the rope comes into use, will circulate for 
a considerable distance up the rope, thus 
causing what are known as ** high strands " 
or " proud places," and these, when the 
rope is worked, will take more friction than 
the other wires in the rope. Also the same 
care should be used in uncoiling the rope, 
as turns thrown out of a rope will produce 
exactly the same effect as I have mentioned 
in connection with capping. Of course, this 
is obviated provided the rope is taken direct 
from the reel, and the remarks only apply 
where the rope is taken from the coil. 

I do not propose to make any remarks with 
reference to the chemical part of the paper, 
in fact, the subject is quite be3^ond me, but 
I would like to make some remarks with 
reference to galvanising, of which I have had 
a long experience, and I quite agree with 
the remarks made by Mr. J. Bucknall 
Smith, that the elongational efficiency of 
steel wire, and also its ductility, is diminish- 
ed by the process of galvanising, and I am 
glad to see that I, am in accord with Mr. 
May hew on this subject, and this applies 
especially to the high tensile strain wire in 
use here. 

Regarding the deterioration due to fatigue 
or change of state of the steel, I quite agree 
that the frequent application of a load, well 
below that producing stress up to the elastic 
limit, eventually produces this in steel, and 
that the fatigue shows itself by the steel be- 
coming brittle. 

With reference to the remark on p. 214, 
col. 1 of the Journal, that Mr. Bucknell 
Smith quotes a case in which a rope sample 
with all its component wires cut some 18 
ins. in advance of one another lost very little 
in strength, this, in my opinion, would be 
quite correct. In fact, it is well known to 
me that a rope cut in the manner described, 
only a lay and a half away, will give the 
same result. 



I quite agree with the writers of the paper 
that no serious consideration need be given 
to the fact of latteral support in the wires 
of a worn rope, but that the strength of the 
rope should be assessed from the amount of 
steel remaining at the most worn places in 
each wire. As a manufacturer, I quite agree 
with Mr. J. R. Cowell's remarks, that my 
experience has shown me that, unfortunate- 
ly, there are agents only too anxious to make 
business, who will take an order and supply 
a rope without any practical knowledge of 
what they are doing, and trust to providence 
that they are all right, and I quite agree 
with him that the success of a rope manu- 
facturer can only be due in the end to care 
taken to supply suitable rope for the work 
required, and here I may mention incident- 
ally that it is the custom of my Company 
never to send out a rope unless it has been 
thoroughly tested before, and the actual 
breaking strain taken. By thoroughly test- 
ing I mean that every wire put into the rope 
has already been tested for tensile strain 
and ductility. 

The President (Mr. E. Farrar) : With 
reference to Mr. BuUivant's preference to 
low grade wife, we all have that preference, 
but unfortunately in deep level shafts we 
cannot adhere to it. We must have a high 
tensile strength, or we would not get a rope 
to carry its own weight down the shaft. 

Mr. W. S. Thomas : The authors of the 
paper before us, on '* Wire Ropes used for 
Winding: Their Strength and some Causes 
of its Reduction," hold the peculiar position 
of being able to examine ropes of almost all 
makers, good, bad and indifferent, and in 
all stages of wear and decomposition. That 
they have made good use of their opportuni- 
ties may be seen from the very able and 
valuable paper which they have presented 
to us on the subject. The paper is of great 
value to rope makers as well as to those 
under whose supervision wire ropes are work- 
ing. The thanks, therefore, of all who 
handle ropes are due to the authors for the 
pains they have taken in compiling this 
vast fund of information and in presenting 
it to the public. 

No satisfactory method of comparing the 

duty of ropes in various shafts has yet been 

, , - , mileage run 

discovered and the formula ^^^^^ ^^ ^^^^^^ 

certainly will not be found to answer in any 
case. This formula does not take into ac- 
count the factors peculiar to each shaft, such 



148 



u 



Wirt Ropts for Holstlns." 



as the class of engine used, size of drums 
and pulleys, the lead to the engine, whether 
the shaft be vertical, iaclined or compound, 
the class of rollers used ia the turn and on 
the road, corrosive action of the water, and 
last, but not least, the engine driver. In 
certain cases it is necessary to put a very 
flexible rope in a shaft where a rope of larger 
wires would be better, were it not for one or 
two local conditions. The flexible rope is 
more costly to start with and will not last 
as long. 

For these reasons, it seems impossible to 
deduce any formula by which we may com- 
pare the duty of ropes working in different 
shafts. We have cases of ropes w^orking for 
years and others doing less work, lasting a 
shorter time, the quality of the steel being 
similar in each case. 

The writer cannot agree with the authors 
of this paper when they state that higher 
tensile strains are always obtained at the 
sacrifice of ductility, nor, with Mr. Kenneth 
Austin's views on the same subject. Some 
time ago the wTiter supplied wire -082 in. 
diameter drawn to 147-2 tons per square 
inch with an average torsion of 35^ in a 
length of 8 in. The highest torsion was 4r) 
and the lowest was 28. The bends were 
the same throughout, i.e., 10. The average 
number of torsions in another lot of wire of 
the same size, in a^ very good quality of steel 
drawn to 134-4 tons per square inch was 
41*6, thus proving that ductibility is not 
greatly sacrificed in obtaining higher tensile 
strains. 

The average torsion of the 147*2 ton wire 
mentioned above is higher than that of the 
wires quoted from Hhabak, and also higher 
than the " standard " which Mr. Austin 
gives. In the latter case, the torsions for 
080 in. diameter wire are 32 when drawn 
to 120 tons (2,240 lbs.) per sq. in. The wire 
size estimated on is smaller, and the number 
of torsions should therefore be above the 082 
in. diameter wire. This * standard " tor- 
sion given by Mr. Austin seems lower than 
should be the case with a good quality of 
wire. 

Referring to Table 1. Tests Nos. 113 and 
114 show the torsions for two pieces of '073 
in. diameter wire, drawn to 135 to 136 tons, 
to be 38*7 and 34 respectively. rAs this lot 
of wire drawn to 1472 is larger in diameter, 
the ductibility is greater at this strain than 
at the lower strain. In this connection it 
might be poiikted out that the torsions of the 



•099 in. diameter wire drawn to 159-8 tons 
per sq.in. are very low indeed. (Test No. 
88.) 

Mr. Bullivaqt's statement that the middle 
portions of hanks of wire which have been 
drawn to very high strains are not as good 
as the ends, does not appear to the writer to 
be reasonable, nor does this statement 
appear to be borne out by fact in 
the case of this particular lot of wire. 
Both * ends of every hank used in 
making this rope were tested and each 
end gave practically the same test. The 
middle of the hanks could not, of course, 
be tested, but it is hardly possible that any 
wire could be good at the start, poor in the 
middle and good again at the other end. 
Were a hank to become poor in the middle 
it would in all probability get worse to- 
wards the end which passes through the die 
last. The rope which was manufactured 
from this wire was placed on one of the 
Whiting hoists here on the Band and per- 
formed about 3J million foot-tons more work 
than the rope preceding it, which rope was 
probably of steel drawn to 105/110 tons per 
square inch. Had the middle of the hanks 
of wire been defective, as Mr. Bullivant has 
found in testing pieces of this strain, the 
fact would have shown in the working. As 
a matter of fact, the rope was removed on 
account of corrosion at each end, and the 
middle portion, which was never left hang- 
ing in the shaft, proved to be the best por- 
tion of the rope when removed. 

The authors state that they are in favour 
of a standard specification for hauling ropes. 
In the WTiter 's opinion, the only addition ad- 
visable to the present form of certificate is 
to make a standard percentage of deduction 
from the aggregate strength of the wires for 
each of the various constructions. At the 
present time certificates contain the size of 
all wires, and the strain per sq. in. to which 
the steel is drawn, so that it 'is really a 
simple matter to find whether the breaking 
strain gii'en is the aggregate strength of the 
wires or less, and, if less, by what percent- 
age ? If the Mines Department should make, 
a standard percentage of deduction from the 
aggregate strength of the wires for every con- 
struction, this would make the rope breaking 
strains uniform, which is all that is required. 

A rope which is not made of a good quality 
of steel will, clearly evidence the fact after 
^ few mbtiths' isvork, so that any regulation 
regarding the number of bends or torsions 
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that each wire should stand seems unneces- 
sary. The writer has personally tested two 
qualities of steel in which the mechanical 
tests showed them to differ very little, but 
in subsequent work the one proved over 25 
per cent, better than the other. 

In England, Lloyds require a certain test 
for all hawsers and flexible ropes used in 
shipping work. This test is as follows: — 
The wire must be drawn to a strain of 90 
tons (2,240 lbs.) per sq. in., and must be 
capable of being twisted eight times around 
its own diameter and back again without 
breaking. Amongst good rope makers, any 
wire which will not stand far higher tests 
than the above is rejected, even for hawsers, 
which are not required to work around drums 
or pulleys. 

If a law be passed here requiring wires 
to have certain torsions, the standard will, 
necessarily, be made low, and in all pro- 
bability this will lead to. a false security, 
from the fact that a rope made of wire which 
will pass the Government requirements 
might be considered as safe and as good as 
another of a far better- quality than that 
required by the Government regulations. 

The percentages to be deducted for loss in 
spinning, as shown in the authors' Table II, 
vary considerably, but from a careful con- 
sideration of the table it is safe to assume 
that the results obtained from good makers' 
ropes show fairly regular tests. From a 
series of tests made for the writer on Messrs. 
David Kirkaldv and Sons' machine, fair 
allowances to be deducted for loss in spin- 
ning seem to be as follows : 6/6 and 1 con- 
struction with hard core wire in strands, 
using 42 times the average breaking strain 
of each wire, deduct 7^ per cent, to 8 J per 
cent. ; 6/6 and 1 construction with soft core 
wire in strands, using 36 times the average 
breaking strain of the outside wires, deduct 
3^ per cent, to 4^ per cent. ; compound con- 
struction 6/7 over 6, 6/8 over 7, 6/0 over 7 
and 6/10 over 7, using all wires, deduct 8^ 
per cent, to 10 per cent. ; 6/19 construction, 
using 114 times the average breaking strain 
of each wire, deduct 14 per cent, to 15 per 
cent. In all certificates made out by the 
writer, the foregoing are the deductions 
made in calculating the actual breaking 
strain from the aggregjato strength of 
the wires. The series of tests which deter- 
mined these percentages were very regular, 
and there was not the variation shown by the 
authors in Table II. It is probable that 



many of these high percentages noted in 
Table II. were due to either a faulty con- 
struction in the ropes or to an uneven strain 
on the wires in testing. 

The method used by the authors of grip 
ping the ropes in testing appears to the 
writer to be as good as any other method, 
if the samples are carefully prepared. In 
this connection, the writer wishes to say 
that in almost every case when samples havre 
been submitted by him to be tested the 
results obtained by the mechanical labora- 
tory have been very nearly the same as those 
obtained on Messrs. Kirkaldy and Son's or 
the Sheffield Testing Works* machines. On 
these machines a length of 100 in. is usually 
tested, but this does not appear to give an 
appreciably high breaking strain in the 
ropes. For this reason we must conclude 
that the results obtained in Tests 145, 157 
and 36 in Table II, which show 12 per cent, 
to 14*4 per cent, loss for 6/6 and 1 ropes, 
and in Test 58, which shows 17*4 per cent, 
loss for a compound construction 6/10 out, 
must be due to a faulty construction in the 
ropes. 

In Table V the lo^;^ in breaking strain 
per square inch of the steel is quite re- 
1 markable. As the torsions and bends are 
both low aft^r immersion in the acid solu- 
tion, this would seem to show that the acid 
affects the structure of the steel. Part of 
the loss in the breaking strain per square 
inch is due to the fact that the surface or 
skin of the wire is removed and part of the 
remaining wire is attacked though not en- 
tirely dissolved, and remains on the wire 
as a black coating. It would be interesting 
to know whether the .structure at the centre 
of the wire is changed. This could only be 
seen by examining the break wnth a glass. 
The low bending and torsional tests would 
indicate that the structure of the steel is 
changed completely by the immersion in 
the acid solution. 

Some time ago a peculiar failure of a 
rope was noted bv the writer and a full 
explanation has not j'et been found. The 
peculiarity was this : The structure of the 
I steel changed with but very slight signs of 
; pitting on the surface of the wire. The 
part affected was usually about half the 
diameter of the wire and occurred at tlic 
point where the wires turn into the rope — 
a place where there is no wear. The half 
of the wire which was affected broke at 
right angles to the axis of the wire, and 
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the other half broke as an ordinary good 
wire should do. Under the glass the bad 
lialf appeared as though oil had been forced 
into it under pressure. In every case the 
wires broke in the full section and not 
where the section was reduced by wear. 
Had the wires broken in the worn portion, 
the explanation would probably have lain 
in the fact that the wire was drawn too 
high in strain for the quality of steel, and 
the constant friction had crvstallised the 
steel. 

This peculiar change in the steel was ex- 
hibited in two ropes at the lower end. One 
piece taken 250 ft. from the lower end of 
the first rope gave a good test in the labora- 
tory — a piece from the same position in the 
second rope did not. Upon cutting the i-ec- 
ond rope back about 600 ft., and testing Ihc 
portion there, a good test was obtained — 
the wires all breaking w-ell. The peculiar- 
ity of the break had all disappeared which 
proved that some outside influence had 
affected the rope, and it was probably some- 
thing in the mine water. 

The authors, quoting from Henry Marion 
Howe, say that : ** Steel exposed to nascent 
In^drogen will suffer many of the effects 
noted in this wire or, at least, become 
brittle without showing the effects of cor- 
rosion, i.e., pitting or being eaten entirely 
away." In fact, it is stated that this effect 
is inversely as the corrosion in the case of 
the steel being used as an electrode. The 
writer does not wish to explain the failure 
of the above-mentioned rope as due to the 
action of nascent hydrogen absorbed by the 
steel when subjected to the influence of 
the mine water on these fields, but suggests 
this as a possible explanation of a peculiar 
failure which, so far as his experience goes, 
is entirely new. 

Professor Arnold's lecture, which manv of 
us had the pleasure of hearing a few weeks 
ago, was extremely interesting, if only in 
showing us how little is really known of 
the metallurgy of steel, and what possi- 
bilities there are in this field for close ob- 
servation. In the rope referred to, we have 
it new condition, and it is possible that 
u)ore light on the effects of nascent hydro- 
jjen may explain away the present difii- 
cultv. 

In Tables VI and VII the authors have 

givun us the ratio -^^ - and factors of safetv 

worked according to Hrabak's fomiula, 
when these nitios an» taken into account. 



At first glance, these low factors sound 
somewhat startling, but in the writer's 
opinion there need be no fear, for the 
simple reason that when this ratio is too 
small the effect of wear will be exhibited 
after a short period of use by the cracking 
wires throughout the rope. A good rope 
would never break, though being bent 
around small drums and pulleys before 
showing many broken wires, sufficient to 
cause its removal. There has been only 
one case, so far as the writer knows, wiiere 

the fact that the ratio — jt— was small w-as 

the attributed cause of a roj^e breaking on 
these fields, and there is little doubt in this 
special instance that the break was due to 
some other cause, as the same construction 
is being used on this shaft at present and 
seems to answer best for the conditions. 

Too much stress is laid uj)on this ratio so 
far as safety is concerned. The intera-^t of 

the mines with the small ratio— ^ is really 

concerned in the cost of the ropes, not in 
their safety — provided of coui'se that we 
have always the proper supervision of ropes 
required by the regulations. The extract 
given from the experiments performed by 
!Mr. Biggart seems to imply that Mr. 
Biggart takes this view of the question, as 
nothing is said about the danger of using 
ropes over small sheaves and drums. 

The general practice in America and, as 
Mr. Vaughan states, the law in Austria, is 
to have this ratio 1 : 1,200. With the sizes 
of the drums and pulleys used on the Rand, 
to have the diameter of the largest wire 
1,200 times less than the diameter of drums 
and pulleys would mean 6^19 ropes in 
nearly every case. These 6 19 ropes would 
be more costly to start with and would not 
last as long, so that such a ratio here would 
mean thousands of pounds every year to 
the mines and would not ensure greater 
safety. As a matter of fact, the 6/19 rope, 
if generally adopted, would prove less safe 
in many cases on account of deterioration 
through corrosion — the smaller wires being 
more reduced by the same action, on ac- 
count of the greater siu'face exposed. 

Another reason to be advanced against 
having this ratio large is, that in some 
cases, where large and heavy sheaves are 
put in, the inertia causes these sheaves to 
revolve after the rope has come to rest, 
thus causing great wear on the wires during 
the retardation period. 
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Table VII k very interesting, and con- 
firms the conclusions arrived at by experi- 
ments made by our Home works, i.e, that 
it ie impossible to formulate any rule by 
which the breaking strain of worn ropes 
may be always found. If there is but wear 
alone and corrosion has not affected the 
wires at all, a fair rule would be to calcu- 
late the strength of the rope from the sec- 
tion remaining, without deducting anything 
for the loss due to spinning. This should 
in every case give a lower breaking strain 
than the actual, and so we should be on the 
safe side in following this rule. The writer 
<lfx»s not believe that in cases where exces- 
sive corrosion is present any rule for IBnd- 
ing the breaking strain of a worn rope will 
hold. 

Unfortunately it is very difficult to 
measure accurately the amount of section 
rt-maining, especially before the rope has 
been taken apart. One is liable to make a 
considerable error in calculating this even 
when calculating on the section by measur- 
ing each individual wire. In Table VII, the 
fact that so many of the ropes examined 
<liffer to such a great degree in the break- 
ing strain per square inch of the steel before 
being worn, and after, would indicate that 
either .something other than wear has 
affected these ropes or that the worn sec- 
tion is not correct. 

Ordinary wear might change the strain 
f)f steel by about 5 tons per square inch 
either higher or lower, but it is not likely 
to change it more. There are 12 tests in 
which the strain per square inch is altered 
from the original more than 5 tons per 
square inch. If the worn section as calcu- 
lated be correct, it shows us that some sort 
of corrosive actions affect a considerable 
number of ropes. 

The writer cannot agree with the authors 
when they state that apparently there is 
no gripping of the wires in a worn rope, and 
this can be proved by the majority of re- 
sults in their Table VII. 

All the constructions shown will break 
at 8^ per cent, to 10 per cent, less than the 
^^fe'gregate strength of their wires when new, 
so that there is a point to which the ropes 
must be worn before a zero is reached. If 
this zero point be assumed to be 90 per 
cent, of the original section, many of the 
ti'sts which show a minus percentage m the 
last column would be on the plus percent- 
age side when this is taken into considera- 



tion. The majority of these minus percent- 
ages are less than 10 per cent., which is the 
factor to be deducted when the rope is new, 
so that this proves a certain amount of 
gripping when the w^ires of a rope are worn 
to their positions. 

In an old rope, corrosion, when affecting 
the inside of the wires in either the strand 
or next to the hemp core of the rope, would 
tend to prevent the wires from gripping, 
and in some cases would make the rope 
break lower than the aggregate of the indi- 
vidual \\'ires. As pointed out in Table II, 
faulty construction will make this percent- 
age to be deducted for spinning much 
higher than 10 per cent. When all of these 
facts are taken into consideration, we shall 
have to come to the conclusion that there 
is a grinning of the wires in worn ropes, 
and in many cases this is verj- consider- 
able. 

It will be noted in Tests 40, 78 and 79 
that the minus percentage is high. This is 
probably due to the construction of the 
ropes tested. In the 6/9 over 3 construc- 
tion (Tests 78 and 79) to fonn a round core 
in the strands, the inside wires must be 
spun in the opposite direction to the out- 
side. When a rooe of this constniction is 
worked over pulleys, these wires having 
different directions cut each other. In 
several instances in this countrv where the 
6/9 and 3 construction has been used the 
inside wires of the core have broken, and 
in the writer's opinion, this often happens 
without being evident when examination is 
made of the outside of the roi>e. 

The A eore is even more liable to cut 
the wires than the laying of the round wires 
in opposite directions, for in the latter 
construction the wires are laid over three 
sharp edges of the core. Usuallj- in this 
! construction smaller wires are laid over the 
A core, but as these smaller wires are 
taken into account in calculating the break- 
ing strain of the rope, cutting them mater- 
ially reduces the strain. 

Dr. Moir is to be thanked for the experi- 
ments he has made in regard to galvanised 
wires, the results of whicli were submitted 
to us at the last meeting. If galvanising 
the wires of a ix)pe will protect those por- . 
tions of the wire where the galvanising can- 
not be removed by wear, we might be able 
to deduce some rule of finding the breaking 
strain of a worn rope. In British colliery 
work galvanising is a veiy great suc<»es6, 
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and it ghould he given a faif trial in y^et 
shafts On these fields. 

In regard to the experiments made by 
Mr. Heymann, and Dr. Moir's remark 
about the " showing up " of the Crown 
Beef water, it should be borne in mind 
that wires placed in this water, for the 
same time as Mr. Heymann made the ex- 
periment with dropping water (48 hours), 
will be entirely eaten away. This is pro- 
bably due to the greater amount of acid 
acting during the same time. The fact re- 
mains that wires of '061 diameter placed 
in this fall of water for 48 hours will be 
entirely dissolved, and water such as this 
is very disastrous to ropes should it reach 
them. 

One thing which the authors have not 
made any experiments to prove, but which 
is a question of great importance to en- 
gineeiB in charge of ropes, is : Has the 
entire length of a rope suffered damdge by 
having been strained nearly to its breaking 
strain or broken in one place? The writer 
is of the opinion that a shock does not 
damage the rope unless it has broken a 
number of wires or damaged the strands. 
Some time ago the writer made some tests 
of the wires of a rope which had been 
broken in a testing machine. The tests 
were made as nearly as possible to the 
breaks, and in all cases on the portions of 
the wire which had been under strain. The 
construction of the rope was six strands 
of 37 wires each, and the quality special 
improved plough steel. The results were 
as follows : Original average breaking strain 
of wires, 316 lbs. Average breaking strain 
of wires after being strained, 306 lbs. Loss 
in strain, 3*1 per cent. The wires gave an 
even tost, and none were very much more 
than this percentage below the original 
strain. The average torsions of the original 
wire were 742 in 8 ins. The average tor- 
sions of the wire, after being subjected to 
the strain, were 586, thus showing a loss 
in torsion of 21 per cent. The right angle 
bends were the same before as after the 
strain. These tests would indicate that it 
is perfectly safe to work a rope that has 
been severely strained or one which has 
been broken by an overwind or other acci- 
.dent. If the authors could see their way 
to making some tests along this line and 
would embody them in their reply to this 
discussion, these tests would be of great 
interest and value to those of you who have 
charge of wire ropes. 



In closing these remarks, which quite 
inadequately take up the subject matter of 
this very valuable paper before us, the 
writer wishes again to add his personal ap- 
preciation of the merits of the paper and 
his thanks to the authors. 

Mr. W. Martin Epton : We have made- 
one or two tests of ropes that have broken 
in shafts. 

The President : I should just Uke to add 
one thing respecting that particular rope: 
Mr. Thomas refers to. I can confirm all he 
says with regard to the dimensions and 
position of the fracture. One hears some- 
times that a rope working on the underlay 
of the drum has a worse chance of stand- 
ing the wear. In this particular instance it 
was the rope working on the overlay of the 
drum which we had the most trouble withr 
and it was that which failed. 

Discussion adjourned. 

WIRE ROPES USED FOR WINDING: 
THEIR STRENGTH, AND SOME 
CAUSES OF ITS REDUCTION. 



Paper by Messrs. J. A. Vaughan and W, 
Martin Epton (Members), 



CONTINUED DISCUSSION. 

Mr. T. Pollard (contributed) : There re- 
cently came under my notice a hauling rope 
1^ in. diameter, which had a guaranteed 
breaking strain of 62*7 tons, or on the load 
hauled a factor of 9*6. There was some 
doubt about the section of wires being able 
to give this load, and a portion of the rope 
was tested, when the breaking strain was 
found to be only 47*88 tons, or a factor of 
7-3. 

The suggested explanation is, I hope, the 
correct one, viz., that the ropes had been 
mixed up in transit or in the store, and an 
inferior quality rope issued by mistake. Thi& 
rope only lasted about six months. I have 
found in a compound shaft the rope next 
the splice or skips to be so damaged that 
about 80 ft. had to be cut out every month - 
These ropes w^ere of best possible make. 
I conclude that the fault lay in faulty de- 
sign of rollers in the bend. These were of 
cast-steel, only 12 in. to 15 in. in diameter, 
and very heavy, so that the rope in coming 
in contact with the wheels had run this dis- 
tance before peripheral speed of wheels 
attained speed of rope. 
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A \7ire rope dressing which I have found 
to give satisfaction is composed as follows: 

4 drums Stockholm tar, 240 lbs. 
1 drum tallow, 56 lbs. 
20 lbs. black-lead. 

This, boiled and applied hot to a dry rope, 
will last for several months, and costs about 
4d. per lb. I have tried some patent dress- 
ing at Is. per lb., which is recommended 
for its searching qualities, it being claimed 
that it finds its way into the heart of the 
rope. This I do not doubt, as after a week 
there was none left on the outside. 

The President (Mr. E. Farraii) : The 
point raised by Mr. Pollard with regard to 
the pulleys taking so long to get up to the 
speed of the rope, that the rope is worn in 
the meantime, is quite an important one. 
We find the same thing, though to a smaller 
extent, in headgear pulleys where the rope 
has anything from 60 to 120 deg. lap on the 
circumference. Something might be done 
to lighten these pulleys or increase the dia- 
meter, or both. 

Dr. J. MoiR : I am sorry that my ab- 
sence from the last meeting deprived me of 
the privilege of hearing Mr. J. E. Williams* 
inspired remarks on my contribution. I do 
not know whether Mr. Williams meant his 
remarks to be taken seriously or not, but 
if he did mean what he said, I must en- 
lighten him somewhat. 

(1) Sulphuric acid has a very strong 
affinity for water, which shows itself even 
in dilute solution by a diminished vapour 
pressure, so that the solution evaporates 
with more difficulty than water. 

(2) In a damp shaft there cannot bo any 
appreciable evaporation, consequently no 
appreciable concentration of sulphuric acid 
could take place. 

(8) Even if the shaft were absolutely dry, 
there could only be a concentration of about 
10 per cent., so that water originally con- 
taining '020 per cent, of acid might even- 
tually contain 0*22 per cent. This would 
not make any difference. 

(4) It is not possible to concentrate sul- 
phuric acid to 100 per cent, by any process 
of evaporation whatever. 

(5) It is grossly unscientific to assert that 
sulphuric acid concentrates itself appreci- 
ably in a shaft, unless one has performed 
some experiments in support of such an 
unlikelv occurrence. 



Mr. Williams reveals himself in his true 
colours when he says, ** What we want is 
commercial science." 1 can only say that 
it is difficult to estimate how mucn pro- 
gress in the industry has been retarded by 
such views. 

Some of the other speakers appear to 
think that I meant to assert that my me- 
thod of galvemising improves the wires ^ 
which is far from being the case. The 
method was adopted merely because it wa& 
the only way of securing that the steel of 
the wires should be chemically the samCr 
otherwise the comparison would not have- 
been accurate. I should like to point out- 
that the sole object of my experiments was 
to see if there is anything in the theory of 
the galvanic protection of iron from corro- 
sion, and the experiments have decided ia 
its favour. Had the experiments goner 
against the theory, then there would have 
been no necessity for costly trials of com- 
mercial galvanised wire in shafts. As it is, 
these trials are now rendered desirable, as: 
they are almost certain to be successful. 

This is exactly the sort of thing in which 
preliminary scientific work is indispensable, 
viz., the prevention of waste of money on 
large-scale trials of the ideas which are 
likely to arise from the half-knowledge of 
the *' commercial ** scientist. 

The President: I notice that Dr. Moir 
does not make any reference to the effect 
on the tensile strength of the wires in gal- 
vanising. The test of those wires showed 
a very sHght increase *bf tensile strength, 
but that, I think, is not the experience of 
most people who have had to do with gal- 
vanising. I should like to know whether 
he considers there would be an increase or' 
a decrease in tensile strength due to gal- 
vanising. 

Dr. J. Moir : I tried to explain that I 
was forced to adopt that method of gal- 
vanising, and I do not contend that it really 
improved the wire. In order to carry out 
the galvanising of the wires they were 
heated in melted zinc to a temperature of 
450 deg. Centigrade, and then suddenly 
immersed in cold water. Tliis rendered the 
wires extremelv brittle, and that is whv 
they did not stand the torsional test, and 
why the tensile strength was increased. 

The President: The difficulty at present, 
in the case of deep-level shafts, is to get a^ 
rope strong enough to bear its own weight 
in addition to the load it has to lift. If gal- 
vanising is not going to increase its. 
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strength, it is no use increasing its life. 
The preponderance of opinion is, I think, 
in favour of the strength being reduced by 
galvanising. 

Mr. H. Leupold: I should like to ask 
Dr. Moir' if he ascribes the increased 
strength of this wire to tlie increase in sec- 
tion by the zinc added, and whether he 
does not think the tensile strength of the 
steel itself is reduced in commerciaf gal- 
vanising, where only a very slight coating 
of zinc is us^d ? I should also like to ask 
Dr. Moir whether he does not think it pos- 
sible that a very thin film of diluted sul- 
phuric acid might be concentrated appre- 
ciably in the two or three minutes that a 
ix)pe travels up a shaft. In the case of a 
(luantity of diluted sulphuric acid having 
a depth of f in. or j in. the same quantity 
of water in proportion would evaporate as 
would evaporate from a very thin film, or 
would the concentration soon attain a point I 
where it would cease? 

Dr. J. Mom : The point I wish to make 
clear against Mr. Wilhams is that in the 
shafts I am acquainted with saturation 
exists to within a few hundred feet of the 
surface, and consequently all evaporation 
stops. I am pretty sure that. unless you 
have 1 per cent, of sulphuric acid, you get 
hardly any action on iron. The recent ex- 
periments with nascent hydrogen show that 
it really is the cause of deterioration, owing 
to its alloying with the iron. With regard 
to .Air. Leupold's fii-st inquiry about the 
increase in tensile strength of the wire 
being due to the effect of the thick coating 
of zinc, I think his explanation must be the 
correct one. In additiou to this, there 
might be an increase owing to the sudden 
I'ooling. 

The President: I think the explanation 
as to the wire having been cooled in water 
at that temperature possibly accounts for 
a certain increase of strength. I might 
I)oint out with regard to the rope travelling 
HI the shaft that although the air in the 
shaft may be at saturation point, yet the 
roi)e has to pass from the mouth of the 
shaft on its way to the drum, and the dry- 
ness of the atmosphere may have an effect 
at that distance, although ^t would not in 
tile shaft itself. 

Discussion adjourned. 



WIRE ROPES USED FOR WINDING: 
THEIR STRENGTH, AND SOME 
CAUSES OF ITS REDUCTION. 



Paper by Messrs. J. A. Vaugiian and 
W. Martin Epton (ytemhera). 

CONTINUED DISCrSSlON. 

[Extract from a letter by Mr. Wildy, 
Managing Director of the Kamfersdam 
Mines, Limited, addrenscd to Mr. Robt, 
Wliyte, of Messrs. Allan, Whyte and 
Co., Glasgow y and dated London, 25th 
September, 1905.] 

** Very many thanks for sending me for 
perusal the reports of proceedings chroni- 
cling the two papers on wire ropes and the 
discussion. 

Both papers are excellent and add 
greatly to our information on a very impor- 
tant and interesting subject. They also by 
their technical and theoretical nature pro- 
vide material for considerable thought and 
study, and I am sure that not only the 
Johannesburg Society, but the mining and 
engineering communities throughout the 
world are indebted to the authors for the 
papers, to those who added so materially 
to our knowledge of the subject by contri- 
buting to the discussion, and to the Society 
for the excellent rej)roduction of the plates 
to illustrate the subject matter of the 
papers. The chemical question m most in- 
teresting, and I was not surprise^ to find 
that the scientists differ. I, from previous 
experience and also from the results of tests 
given in the paper, adhere to the CO, 
theory and the dissociation and reassocia- 
tion producing a sort of mutual exaltation 
of the oxidising process as a practical 
common-sense argument. The HjOj theory 
may, under certain circumstances, account 
for some of the destruction which takes 
place, but COa appears more practical. 
There is an example here in London just 
now of a big bridge with girders 20 ft. deep, 
with plate webs, and used for a railway. 
The lower part of the webs is deeply oxi- 
dised on the inside, doubtless due to the 
presence of an excessive amount of car- 
bonic acid in the atmosphere settling in 
the deep trough, and the alternate wetting 
by rain and drying has produced just the 
very best conditions for oxidation by ferrous 
carbonate. 

I was very glad to see the testimony to 
tlie value of your pet theory of galvanisa- 
tion as a preventative of oxidation. Most 
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men say at once, *' Oh, the very thin skin 
of spelter will be worn off very soon," 
failing to realise that the greater 
mischief to a rope takes place — 
oxidation being once set up — on the 
hidden inner wires on which the friction 
to remove the skin is very slight. 
The report on your galvanised hauling rope 
is satisfactory, but it would have been more 
so if it had been stated whether the lead 
on to the drum was to the top or bottom. 
That alternate bending stress on one side 
and then the other, with the under-led 
rope, must be much more destructive to a 
rope than where the pit-head sheave and 
the drum bend the rope in the same direc- 
tion. If your rope was led under the drum, 
tlien the 25 per cent, increase of life would 
he equal to quite 50 per cent, on the top 
lead. 

1 have posted the journals to you to-day, 
and many thanks for affording me the op- 
portunity of reading and studying the 
papers.*' 

Tub President (Mr. E. Farr.\r) : There 
is a point with regard to this under-led rope 
as to whether the wear is increased, as is 
sometimes supposed by a reverse bend. 
When you take the twisting of the rope into 
account, you do not know whether it is 
bending backwards or forwards. 

Mr. \V. C. DocHARTY : A rc^markable in- 
stance came to mv notice in this connec- 
tion. Some two years ago we started a 
little shaft in which we put two f in. ropes 
driven by a small motor. The rope that 
was led to the inside of the drum we had 
to replace in nine months. The other rope 
leading on to the other side of the drum 
lasted 15 months. Presumably the ropes 
were both the same. 

Mr. H. J. S. He\tiier: What was the 
distance from the drum to the headgear 
sheave? 

Mr. W. r. Docharty: I should sav alx)ut 
100 ft. in both cases. 

Mr. J. A. Vaughan : Was the bending 
strain what vou call an excessive one? As 
far as Mr. Epton and myself were con- 
cerned, to a great extent, we can only go 
on information supplied to us. In our ex- 
f)erience we have not met with this shorter 
life of winding ropes due to their winding 
on the under-lay, though, of course, in all 
treatises on the subject it is reckoned that 
the rope which has this extra bend has a 
shorter life. On these fields we know of 
ropes which have 8 or 10 reverse bends, 



and which give in some cases a good lift 
all the same. 

The President : There is one case I know 
of, and which has been referred to here 
before. This was where two ropes were 
supplied by the same maker at the same 
time. One rope gave out in three or four 
months, but in this case it was the one on 
the top-lay which went, and not the bottom 
one, which rather contradicts the theory of 
the reverse bend. 

Mr. H. J. S. Heather: The question of 
the reverse bend comes in very plainly in 
the case of flat ropes. When using flat 
ropes you know exactly which way the rope 
is bending, and 1 never found, so far as I 
could detect, any difference in the life of 
the ropes which were bent. 

Mr. H. H. Johnson : I can bear out Mr. 
Heather's experience. We had flat ropes 
on the Village Main Reef, and at one time 
we had a theory there that if we gave the 
rope a half-turn we would get another six 
months' wear out of it. As a matter of 
fact, we never got five minutes' more wear 
out of it. There is one instance of a pair 
of ropes which 'Mr. Epton ran on a hoist 
operating in an incline shaft without any 
headgear. The over-lay rope went straight 
down the shaft from the drum, and the 
under-lay rope had to go over a guide 
pulley. At that time we only got obout 
five months' wear out of the under-lay 
rope. It was giving us a lot of trouble, and 
we increased the size of the pulley from 
3 ft. to 6 ft., and now I do not think there 
is a week's difference in the wear of these 
ropes, showing, I think, that there is not 
much in the *' reverse bend " idea. 1 
think there is a good deal in what the 
Chairman has said about the twisting of the 
rope, and if there is anything like a decent 
length of rope from the headgear sheave to 
the drum it is quite likely we get some 
turning, and I should like some member 
who has the opportunity to arrange for a 
paint streak to be marked on the rope and 
see if this twisting does take place. 

Mr. J. A. Vaughan: I think it is more 
a question of whether 'the bending stress 
is a large one or not. If it is a large stress 
I fancy you will find that the effect of the 
double bending is noticeable, but if it is a 
small stress, then it will not be noticeable 
in the life of the rope. One special local 
circumstance that tends to reduce the life 
of a rope did not perhaps get suflBcient 
notice in our paper. In our experience we 
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find that the ropes which coil in many 
layers of the drum have not only a bad 
effect on the flanges of the drum, but on 
the life of the rope itself, and if our resi- 
dent engineers would speak of their experi- 
ence in this matter, I am- certain they 
would do the consulting engineers a service. 

WIRE BOPES USED FOR WINDING: 
THEIR STRENGTH, AND SOME 
CAUSES OF ITS REDUCTION. 



Paper by Messrs. J. A. Vauohan and 
W. Martin Epton (Members). 



CONTINUED DISCUSSION. 

The following contribution by Mr. W. A. 
Caldecott was read by the Secretary: — 

The references in Messrs. Vaughan and 
Epton 's valuable paper to the influence of 
absorbed hydrogen upon the toughness of 
steel wires are of great interest, esipecially 
in view of the relatively slight amount of 
attention hitherto paid to this factor by 
most investigators, with the exception of 
Howe. 

The importance of the question is, per- 
haps, increased by the fact that no appar- 
ent change is visible on inspection of a steel 
wire whose physical properties have been 
profoundly altered by internal changes of 
structure through absorbed hydrogen, 
whereas in the case of ordinary external 
corrosion the fact is apparent at a glance. 
I have had many tests carried out upon the 
Kubjeqt, of which a few may be quoted to 
illustrate one or two interesting facts in a 
field of research much needing further in- 
vestigation. I am indebted to the courtesy 
of Mr. Wager Bradford and of Mr. W. T. 
Hallimond for the suppjy of wires for test- 
ing. 

The apparatus used for the trending tests 
given was the ordinary standard form, with 
two curved faces of ^ in. radius; the wire 
was bent back and forward, so that thy 
traverse of 180 deg. counted aw one bend. 
The torsion test was done on an 8 in. 
length of wire suspendod vertically, and 
supporting a 61 lb. weight; one complete 
revolution of 360 deg. counted as one twist. 
.\11 wires were cleaned by caustic soda solu- 
tion before immersion in the acid solution. 

When steel wires, unprotected by a pre- 
servative coating, are in contact with a 
solution of free sulphuric acid, even though 



extremely dilute, as in the case of acid mine 
water, sulphate of iron is formed, and the 
hydrogen liberated is partially absorbed or 
occluded by the metal. The result is that 
after immersion in the acid solution less 
than one-quarter of the number of twists 
may be required to break the wire as com- 
pared with untreated wires, although the 
wire has undergone no appreciable corro- 
sion and the tensile strength is but little 
affected. Wires made of ** Delta metal '" 
or of ** silicium bronze '* do not show any 
special brittleness after immersion in dilute 
acid. 

The following illustrates the number of 
twists required to break 8 in. lengths of 
wires 0101 in diameter of " best plough 
steel," taken from an unused rope. Some 
of the wires were tested without acid treat- 
ment, and others after immersion, for the 
number of hours specified, in a dilute sul- 
phuric acid solution, maintained at 003 per 
cent. HjSO^ to 0-04 per cent. H.SO, : — 

Average 
Twists to break untreated wires, 31 

30-5, 33-5, 31, 31, 32 315 

Twists to break after 14 hours' im- 
mersion, 13, 12, 11 12 

Twists to break after 18 hours' im- 
mersion, 4, 6 '"> 

Some new wires, 01008 in. in diameter,, 
were immersed for 24 hours in acid water 
from the shaft of a mine on the Central 
Rand, which had the following com]K)si- 
tion:— H^SO, '0086 per cent., FeSO. "018 
per cent., Fe^CSOJ, '022 per cent.; f) in. 
lengths of the wire required 22, 21 and 20 
twists respectively to break before this 
treatment, and 14, 15 and 14*5 twists to 
break after treatment; also, on an average 
of four tests in each case, 21*6 bends were 
required to break the wires before immer- 
sion as above, and 9*8 bends after. 

Boiling acid-treated wires in water for 
three hours apparently restores the tough- 
ness so far as the torsion and bending tests 
are concerned. For instance, new wires as 
above described, which had been reduced 
from an average of 31 twists to 13 twists by 
immersion in dilute acid, required after 
boihng in water for two hours the following 
number of twists: 30'5, Sl-5, 31, 2.*): aver- 
age 31. Similar wires, reduced by acid 
treatment from 31 twists to 4 twists, re 
quired after three hours' boiling in water 
the following number of twists: 32, 35, 29; 
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average 32. Similar new wires, which had 
been reduced from an average of 23 bends 
of 180 deg. to 10 bends by eight hours' im- 
mersion in 0025 per cent. H^SO*, required 
the following average number of bends be- 
fore breaking, after the periods specified 
of boiling in water, rendered just alkaline 
with caustic soda : — 

15. min 15*0 bends. 

'M ,, 17.0 

45 ,, 20.3 

00 to 120 min 220 

iioiling as above is but a form of anneal- 
ing, which might possibly be carried out 
under working conditions in other ways, as, 
for instance, by passing an electric current 
through the wire so as to heat it up to the 
desired temperature. Such treatment, if 
practicable, would dry the rope and core, 
and allow of the thorough penetration of the 
preservative, which at the temperature of 
boiling water should be quite fluid. It is 
evident that no form of annealing can be 
employed for a rope which would injure the 
hempen core, and hence measures appear to 
he limited to lapse of time and tempera- 
tures up to 100 depf. C. 

I^ew wires of good quality show remark- 
able uniformity under test, but similar 
wires which have been acid treated and 
then heated to the boiling point of water 
are more regular, as the results quoted 
show, probably because the hydrogen is not 
uniformly expelled. New wires under the 
torsion test show a smooth fracture, where- 
as acid-treated wires show a ragged frac- 
ture, with separation of the wire fibres at 
this point. The non-homogeneity of wires 
is shown by the fact that longitudinal crev- 
ices develop in new wires by treatment with 
fairly strong, say, 10 per cent., acid. If 
wires are twisted before such acid treai- 
ment, spiral crevices develop, thiis showing 
that the lack of uniformity in the original 
material is perpetuated in the wire drawn 
from it. The etched-out portions may pos- 
sibly indicate the presence of steel with less 
carbon acting as an anode in a galvanic 
couple, whereas the portion of the wire 
higher in carbon acts as the cathode. 

As might be expected, the conditions 
most favourable to rusting, or corrosion by 
oxidation, of steel in contact with an acid 
solution do not promote absorption of 
hydrogen, since the hydrogen evolved tends 
to combiiie with the oxygen present to form 
water. The above conditions are fulfilled 



when a wire is suspended vertically in. the 
air, and an exceedingly small stream of acid 
water allowed to trickle continuously down 
its length. 

Lapse of time also in a great measure 
restores toughness by allowing the ab- 
sorbed hydrogen to escape, but its complete 
expulsion is a most difficult matter; in fact. 
Prof. Arnold informed me that after heating 
a sample of steel to redness for several 
hours it still continued to evolve hydrogen 
gas. Some new wires as above described, 
which required 31 twists on an average to 
break before treatment with dilute acid, 
and 13 twists after treatment, were buried 
in lime to prevent rusting for three days 
and a half; after this lapse of time they re- 
quired the following number of twists to 
break: 26, 31, 31, 34, 26-5; average 297. 

The conditions most favourable for ab- 
sorption of hydrogen by steel wires in hoist- 
ing ropes exist in a mine where preserva- 
tives are irregularly used, and where the 
acid water present saturating the hempen 
core acts on the wires which are near the 
centre of the rope and thus partially pro- 
tected from the air. Conversely, the regu- 
lar use of preservatives free from acid upon 
wire ropes from the start retards, in a great 
measure, both the external and visible, as 
well as the internal and invisible, deteriora- 
tion of the wires composing the rope. 

Reply to DiscrssioN. 

Messrs. J. A. Vaughan and W. Martin 
Epton submitted their reply to the discus- 
sion, which was read by Mr. Vaughan, as 
follows : — 

The authors have already expressed their 
high appreciation of the honour conferred 
upon them by this Institute, not only by 
reason of the great attention their paper has 
received at the hands of the members, but 
also that it was thought worthy of the first 
Gold Medal Award. 

In replying now to the friendly criticisms 
that their paper has evoked, they wish to 
once more place on record their great in- 
debtedness, and to assure their brother 
members that the investigations they have 
been engaged in, and which they are still 
pursuing, will be continued with renewed 
vigour, feeling as they do that regarding the. 
subject matter of their paper there is much 
yet to be learnt, and that the sympathetic 
and cordial appreciation of all engineers on 
these fields awaits the discoverer of any 
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new fact, or the person who honestly and • 
conscientiously propounds any new theory 
regarding the practice with respect to wire 
ropes for winding. 

Before proceeding further, a personal ex- 
planation should be made to the effect that, 
owing to the pressure of work and to the 
fact that my colleague had to proceed on 
leave of absence before the final terms of 
our reply could be decided upQn, this reply 
is, necessarily, of a somewhat disjointed 
character, and quite unworthy to be classed 
along with the carefully considered criti- 
cisms that have been delivered. 



to buckle out between the spirally laid 
wires. *' He asks if we have noticed the 
modulus appreciably altered in the core 
wires of an old rope. In answer to this 
question, it should be first said that it very 
seldom happens that hard cores are put in 
the strands of a 6/6/1 rope construction or 
in a compound rope of, say, 7/5/1 or 8/6/1 ; 
so that, generally, where hard wires are 
used for the strand cores, they are small 
(•040in. and •061in. diam.). Previously, 
no note had been taken of their extensions 
under test, but Mr. Sehweder, having in- 
quired regarding the modulus of elasticity, 



TABLE A. 





Tests of 


Core Wires 


OF Old Ropes in Comparison with Outside Wires. 


Number 
of Test. 


Length. 


Diameter. 


Elongation. 


Breaking 
Load in lbs. 


Number 

of Torsions 

in Length of 

8 in. 


* • • 

Numbe^ of 
180 Bends ' 
over J in. 
Radius. 


Remarks. 


106 
106 


in. 
10 
10 


in. 

•066 

•100 


in. 

i 


1.020 
1,860 


19 


6 
4 


Outside wire 
Hard core wire 


284 

284 
284 
284 


10 
10 
10 
10 


•083 
•082 
•080 
•080 


i 


1,480 
1,200 
1,320 
1,340 


10 
4*5 
22 
17 


9 
9 
7 

7 


Outside wire 

>> >» 
Hard Core Wire 

ft »» 


106 
196 


10 
10 


•108 
■107 




1,960 
2,020 


6 


i 


Outside wire 
Hard core wire 


234 
234 


10 
10 


•087 
-098 


J 


1,560 
1,620 


4 


I 


Outride wire 
Hard core wire 


. 7 

7 


10 
10 


•107 
•108 


i 


1,660 
1,760 


22 
27 


6 

7 


Out-side wire 
Hard core wirr 


41 
41 


10 
10 


•106 
•121 


i 
i 


1,800 
1,740 


3 5 

8 


7 
5 


Outride wire 
Hard core wire 


67 
67 


10 
10 


•084 
•106 


i 


1,700 
1,960 


4 
20 


7 
7 


Outside wire 
Hard core wire 


68 
68 


10 
10 


•082 
•103 


i 


1,700 
1,960 


2 
11 


6 
6 


OutAide wire 
Hard core wire 



Note. — The core wires were originally approximately of the same size and strength as the outside wires. 



Proceeding now in execution of their task, 
the writers wish to place before you the 
following observations : — 

Mr. Sehweder in his remarks, says he 
does not agree with Prof. Hrabak with re- 
gard to core wires being gripped, but is of 
opinion that ** the core is simply out- 
stretched by the first load application, and 
when the rope and the wires in the strands 
creep back, the wire core, which has to go 
a longer distance, 'will find sufficient room 



further tests have been made, and the fol- 
lowing Table A of results is submitted. The 
time at disposal and other circumstances 
did not allow of the modulus of elasticity 
being determined, but the elongations were 
measured, and are here quoted. It will be 
seen that the core wires do not appear to 
have deteriorated, although the ropes have 
had considerable usage. 

If Mr. Sehweder is correct in his surmise 
that the core stretches and then buckles out 
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amongst the spirally laid wires, then in the 
case of a rope with a large, soft core wire, 
which stretclies tw>niething like liin. in 
lOin., one would think that some evidence 
in the way of marking would be visible on 
the core wires of an old rope. This, how- 
ever, is not the case. In fact, the mark- 
mg of wires points in exactly the opposite 
direction, namely, that the core wire has 
been gripped so that it cannot move. 

Mr. Schweder says it would be a grand 
thing if it were possible to prove or disprove 
by actual tests Prof. HrabAk's theory re 
bending stresses. This the authors of the 
paper would very much like to accomplish, 
and they are devoting attention to it. 

The authors do not consider the investi- 
gations on bending stress to be complete as 
yet. It appears to them possible that the 
bending stress not only varies with the 
ratio D/d, but also with the rapidity and 
frequency of the bending, as also with the 
extent of the otlier loading. With a rope 
under load the strands sHghtly untwist, and 
the direction of the wires becomes more 
nearly parallel to the axis ; furthermore, the 
release afforded to the wires by the com- 
pound construction of the rope must be 
materially lessened by the closer packing of 
the structure at a time of heavy loading. 
How is it that, if Hrabdk's theory is cor- 
rect, with the old generally unfavourable 
conditions of D/d on these fields, wire 
breaks due to bending did not occur more 
frequently? Again, in the case of a cer- 
tain Whiting hoist on these fields, where 
the ratio D/d, being quite large, and the 
bending stress figured merely on this ratio 
quite small, but where the other loading, 
due to differential stress, etc., is large, wire 
breaks occur quite frequently, the appear- 
ance of the breaks leading one to suppose 
that the bending stress was the final straw. 
For these and other reasons the writers con- 
sider that it is very necessary to try to 
evaluate the true stress due to bending by 
means of practical trials. 

The idea of the writers is to take wires, 
strands, and ropes of various sizes, and to 
measure the force necessary to bend these 
samples over curves of various radii. Fol- 
lowing this they will endeavour to measure 
the force necessary to bend the strands and 
ropes when these are subjected to further 
loading statically. If it can be found out 
to what extent the flexibility decreases ow- 
ing to the tighter packing of the spirally 



wound wires under tension, some opinion 
may be formed as to the constancy or other- 
wise of the bending stress. 

Mr. Schweder's final criticism regarding 
the loss of strength in a winding rope, due 
to the fact that some of its wire section 
is worn away, is practically answered by 
himself when he alludes to the higher 
modulus of elasticity of worn ropes as 
discovered by Hrabak. To secure safety, 
it will certainly be better to take the 
writers' advice and consider that 25 i)er 
cent, loss of wire section means 25 per cent, 
loss in the strength of the rope. 

Mr. Cowell remarks that the torsions of 
wires of over 135 tons ultimate stress, as 
given in Table I. of the original paper, are 
very low. The torsions there stated are in 
each case the average of the results ob- 
tained from all the wires in two strands of 
the ropes. The worst feature about some of 
these is their variability. On a further 
perusal of the details, it is thought that the 
following additional information will prove 
interesting : — 

Torsions of wires of rope No. 92 varied from — 51 

No. 113 ,, «^-69 

No. 114 „ 10—50 

No. 147 „ 4—50 

No, 33 „ 3—27 

No. 83 .. 5—20 
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In this connection it is well here to al- 
lude to the discussion that has taken place 
regarding the very guarded statement of the 
writers that while it was true that high ten- 
sile efficiency can only be obtained at the 
sacrifice of toughness and ductility the ex- 
tent of the sacrifice was not so great as 
some people supposed. This the writers 
backed up by some quoted opinions, and 
also by the results of actual tests set forth 
in Table I. Mr. BuUivant and Mr. Thomas 
attacked the writers from opposite sides, 
the former gentleman speaking against the 
reliability in the matter of ductihty of high 
tensile strained wire, while the latter 
gentleman gave it as his opinion that duc- 
tility was not greatly sacrificed. There the 
matter must be left for the present, for the 
writers have not been able to carry out more 
extended trials. The wires from a new 
rope are the necessary requirements for this 
experiment, and it is not often that a 
sample of new rope is submitted for test. 
Samples of wire are readily obtainable, but 
not so a sample of a new rope of the requi- 
site highly drawn material. The case 
quoted by Mr. Thomas showed considerable 
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want of uniformity, the torsions varying 
from 28 to 45, although the average was 
quite satisfactory. 

Mr. Coweil suggests that the Government 
Mining Engineer s Department should 
compel rope manufacturers to adhere to a 
standard specification. This matter will 
doubtless be dealt with by the Transvaal 
Government Commission which is now sit- 
ting to consider the safety of winding in 
shafts. With regard to the 10 per cent, 
reduction to allow for ** spinning," tKs was 
suggested as a reduction from the strength 
as assessed from the effective sectional area, 
this latter not to include the core wires jf 
they were soft, but only in case of thei/ 
being of about the same tensile strength as 
the other wires in the rope (see note at 
bottom of Table II). 

With regard to Mr. Coweil* s criticism :e- 
garding the method of fastening the end of 
the rope specimens for test, the authors 
have tried many other methods besides the 
white metal seal, but have found none so 
good. Wliere the rope specimen breaks 
well clear of the dies, it must be apparent 
that the method by which the specimen is 
gripped has no effect on its proved break- 
ing load. The reliability and efficiency of 
the method of fastening alluded to can be 
noticed, especially in the case of a test of 
a worn rope. The writers will, however, be 
very pleased to test, if practicable, any 
method of fastening suggested by Mr. 
Coweil. 

Mr. Tregaskis (p. 233) says that in the 
case of a rope wearing all on one side the 
measurement of the individual wires in the 
rope and calculating the strength of the 
rope, as suggested in the paper, would not 
be correct. This, of course, is quite true, 
but it is only under exceptionally unfavour- 
able circumstances that a rope wears in this 
manner, and the authors had no intention 
of applying the rule to cases of this kind. 
The other point, raised by both Mr. 
Heather and Mr. Tregaskis, with regard to 
the wires ** spreading/' is well known 
amongst engineers, and it is evident that 
on thorough examination revealing this de- 
fect due allowance should be made for it. 
Mr. Tregaskis is to be thanked for calling 
attention to the evils that may arise from 
allowing the ropes, when not being used, to 
remain hanging in wet shafts. This prac- 
tice must lead to increased deterioration, 
and should have been noticed by the 
wTiters. 



Mr. Johnson wishes to know why, if the 
test of a short length of rope is as satis- 
factory as that of a long one, the Govern- 
ment should saddle this country with the 
cost of a new testing machine 20ft. long. 
Apart from the fact that it is always best to 
prove the absolute truth of one's opinions, 
founded on no matter how sure a founda 
tion, the chief reason for the new order was 
that it had become necessary to obtain a - 
machine capable of breaking ropes of a 
much greater ultimate load than the one at 
present in use (50 tons of 2,2401bs.). As 
the difference in- cost between a machine 
that could take in a 5ft. length and one that 
could take a 20ft. length was not consider- 
able, and, moreover, as the new machine 
will be used for tests of' specimens other 
than ropes, it was considered advisable to 
order the horizontal machine with a long 
base. 

With regard to the great reduction in 
the factor of safety of winding ropes when 
the bending stress is taken into considera- 
tion, it should be explained that these re- 
sults were worked out from Prof. Hrabak's 
tables, as shown in the original paper in 
Diagram 2 in the form of a curve. Prof. 
Hrabak up to the present may be consid- 
ered the best authority on the subject of 
bending stresses in wire ropes. When any 
sounder theory is established, the authors 
will not be backward in adopting it. 

With reference to the bending tests of 
wires, and to the statement in the original 
paper that " The great difficulty lies in the 
fact that the breaking stress of the material 
decreases as the number of applications in- 
creases," the context should show that it 
was not intended to lay down in these words 
that a constant rate of variation had been 
discovered to exist. The statement im- 
mediately following, to the effect that the 

^ , ultimate stress . D - , 

formula ; — — =^- •- was found 

V number of bendings S 
to give a better basis of comparison, appears 
to state clearly the writers' meaning. The 
actual stress produced in the outside fibres* 
of a piece of wire (say, -125 in. diam. =8) 
when it is bent over a radius of J in. (D = 0"5 
in.) cannot be calculated, for the formula 

stress =K y; only holds goods so long as the 

elastic limit is not exceeded, which, of 
course, it is in this case enormously. Fur- 
ther, we do not know the E, or even the 
ultimate stress, of the outside fibres vfhvh 
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compose the hard skin of a highly drawn 
wire. Only the average values for the whcJe 
wire are known. The large stress produced 
by this severe bending does not immediately 
break the wire. The question then arises, 
how many appUcations and reversals will 
do so ? The number of bendings before rup- 
ture of dififerent gauges of wire has been 
determined by the writers, and, as shown 
in their paper, this number appears to bear 
sonae fairly close inverse relation to the 
square of the diameter of the wire. Many 
more experiments, however, will have to be 
made before anv definite law can be laid 
down. 

The authors take it as a great compliment 
that Messrs. Denny should have given the 
paper such full consideration, and should 
have gone to the length of proposing that 
the authors should answer their twelve ques- 
tions; still, they are afraid that many of 
them must remain unanswered for sOme 
time to come, and several of the questions 
are quite worthy of a complete paper in 
reply. 

Nos. I. and III., referring to s— and the 

lead of the rope from drum to pit head 
sheave, will be answered when the bending . 
stresses in wire ropes are thoroughly under- 
stood, which- up to the present the authors 
venture to say is not the case. Prof. Hrabak 
has advanced this subject more than any 
other investigation, and until we know more 
we must be guided by his figures. 

liegarding Nos. II. and V., which refer to 
the attachment of the rope to drum and 
skip, the authors hope to make several ex- 
l)eriments on this subject as soon as the new- 
testing machine arrives, as the machine at 
present in use in the Mechanical Laboratory 
will not admit of a sufficiently long specimen 
l>eing tested. It may be said that many ex- 
periments have been made on this subject in 
England and other countries, and the effi- 
ciency of many of the time honoured cap- 
pings have been seriously called into ques- 
tion. In a few months, however, the authors 
lioj)e to settle this question, so refrain here 
from quoting the results previously obtained 
elsewhere. 

Regarding question Ila, dealing with the 
crushing effect of ** riding turns " of rope, 
and which reallj'^ deserved a number all to 
itself, the authors have on several occasions 
been called on to inspect damaged ropes 
which have been worked under those par 
ticularlv severe conditions, viz., coiled on a 



parallel drum with several riding layers. A 
properly turned groove is certainly the best 
bed in which to coil a rope, and most 
probably a layer of turns of itself is the 
worst. In the authors' experience the ill 
eflfects are intensified under the following 
conditions : — 

(a) When the working tension in the 
rope is more severe. 

{b) When the rope is of compound con- 
struction, this leading to the use 
of smaller wires and the produc- 
tion of a rope with less resistance 
to crushing without deformation. 

Regarding Question IV, the bad eflfect on 
the rope by using heavy sheaves and guide 
rollers was pointed out in the original 
paper. The authors have, from personal 
observation, proved that considerable slip 
does occur between the pithead sheave and 
the rope. This may be called a plus effect 
on the down trip, and a minus effect on the 
up, these amounts balancing one another 
more or less, as in the case of the slip of 
the Walker ring on the Whiting hoist. The 
writers consider that the great and rapid 
wear of the flat rope at the Robinson Deep 
No. 2 shaft in 1904 was caused by friction 
between the sheave and rope, this being 
plainly shown by the scoring of the tread 
in the sheaves. It is obvious where high 
speeds of winding are in vogue that this 
deteriorating effect should be watched for. 

With regard to Question YI,, if reference 
is made to Table IV of the paper it will be 
seen that the author? liave made some tests 
of rope dressing in use. Some of the points 
of importance that it is necessary to ob- 
serve are there noticed. The staff of every 
mine and the appliances at hand will suffice 
for a test of this nature to be readily car- 
ried out. The conditions are not the same 
on every mine, and no general rule can be 
laid down excepting with regard to the non- 
acidity of the composition. It is obvious 
that on each mine the rope dressing should 
be tested as to its suitabilitv. 

Regarding Question VII — rope deteriora- 
tion, evidence of, and danger signs — a con- 
siderable portion of the paper was devoted 
to this. Reference, however, may be made 
here to a paper by Herman Kroen on * ' The 
Allowable Number of Broken Wires in 
Ropes used for Hoisting Men." He quotes 
Roch, w^ho says: ** The worst portion of a 
rope may be considered that portion which 
in a length of ten times the lay shows most 
. wire breaks. In calculating tlie remaining 
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strength of the rope, one wire should be 
deducted for each break observ'ed." Kroen 
considers that Eoch'g suggestion gives an 
unnecessarily large Umit of safety, but 
adopts it in his further calculations so as to 
be on the safe side. He points out that in 
a six-strand rope the visible wire surface is 
to the invisible as 1 : 0*5, so that the total 
number of all the broken wires in any given 
length of such rope is equal to one and one- 
half times the number of visible broken 
wires- If Z* represents the allowable num- 
ber of broken wires in ten lengths of lay, 
and if Z equals the number of visible breaks 
in one foot-length, and if p equals the pitch 
in feet, then 

I'd X 10 X p. 
By combining this formula with that pre- 
viously given for tho factor of safety of the 
rope, Kroen obtains a formula which states 
the allowable number of visible broken wires 
per foot run, viz., 

[Note. — This formula is for six stranded 
rope; F denotes the factor of safety of the 
rope when new, and n denotes the number 
of wires (neglecting soft cores) in the rope.] 

Kroen then works out a few cases from 
the data furnished of several ropes actually 
in use, and finds that about nine broken 
wii-es per running metre could be allowed. 
It should be noted, however, that in these 
cases the ropes were of compound construc- 
tion — the wires being small — and the ratio 

— was high, somewhere about 2,000. 

6 

As against all this theory, the results oi 
some practical tests may be quoted. A 
recent case of a sHghtly worn rope gave the 
following results: The rope was IJ in. dia- 
meter, constructed of six strands, each con- 
taining twelve wires ('091 in. diani.) round 
twelve wires (*054 in. diam.) round tri- 
angular core. The specimen of whole rope 
tested contained eleven broken outside 
wires in a length of 23^ in., and broke at 
116.928 lb., while the mean breaking load 
of twenty-four outside wires, as tested 
separately, gave an average of 1,180 lb. 
The inside wires and core wires were also 
tested, and from these results the breaking 
load of the whole rope was calculated to be 
138,936 lb. By deducting the eleven^ broken 
outside wires we should get a breaking load 
of 125,800 for the whole rope. The speci- 
men containing the eleven visible broken 



wires actually broke at a load of 116,928 
lb., or under a load of 7 per cent, less than 
that calculated. It is possible, of course, 
that some of the inside wires may have 
been broken, but not at all probable. When 
the specimen was being broken, single 
wires started to break at 67,000 lb., and 
fifteen wires broke in succession before the 
rope finally collapsed at 116,928 lb. load. 
Immediately before the collapse there were 
ll + lo ( = 26) broken wires in the rope, and 
its calculated strength would be 108,256 
lb., so that regarding the test from this 
standpoint the rope stood 74 per cent. 
more load than calculated. The writers 
here present Table B, showing Ihe tests of 
rope samples after their being subjected to 
artificial wire breaks. Arguing from all the 
above data, and taking into account the 
want of agreement in the results obtained 

TABLE B. 

Tension Tests of two ropes, each specially prepared 
by having ten of the wires cut througli. 



Construction, Lang's lay, 6/6/1; dia- 
meter, J in. ; length of lay, 7^ in. ; length of 
test piece between, grips, 26 in. ; condition 
of rope, new. 

Breaking load of whole rope (no 

wires broken) 38,416 lb. 

Breaking load of whole rope 

(ten wires cut) 31,037 1b. 

Mean breaking load of twelve 

wires- 1,042 lb. 

Breaking load of hard core 
wire= 1,0601b. 

Aggregate strength of wires = 
1,042 X 36 -f 1,060 X 3 = * ... 40,692 lb. 

Less ton wires 10,420 lb. 



Estimated strength = 30,272 lb. 

And this proved to be 2^ per cent, below 

actual strength. 

*Rope contained three hard and three soft core wires. 



Construction, Lang's lay, 6 of 8/6/1; 
diameter, 1^ in.; length of lay, 10 in.; 
length of test piece between grips, 26 in. ; 
condition of rope, slightly worn. 
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Breaking load of whole rope (no 
wires broken) 95,110 lb. 

Breaking load of whole rope 

(ten wires cut) 84,291 lb. 

Mean breaking load of sixteen 

outer wires 1,600 1b. 

•Mean breaking load of twelve 

inside wires 547 lb. 

Mean breaking load of two core 

wires ^^ lb- 

Aggregate strength of wires = 

1,600 X 48 -f 547 x 86 + 560 x 

0= 99,852 1b. 

Less ten wires 16,0001b. 

Estimated strength = 83,852 1b. 

Which proved to be true within ^ per cent. 
Each strand contained a hard core wire. 

by different experimenters, the authors do 
not at present feel inclined at all to recede 
from the position they took up in the ori- 
ginal paper when they stated: ** Without 
further knowledge the writers would recom- 
mend that the total number of wires broken 
in a length of 3 ft. should be taken to mean 
a corresponding reduction in the strength 
of the rope." 

On the point as to how far an apparent 
gain or loss of elasticity in a rope may be 
regarded as a danger signal, the authors 
have not been in a position to form any 
opinion owing to the lack of authentic de- 
tails. If it were the practice on the mines 
to watch and record data deahng with this 
interesting question, the correctness of any 
inferences drawn as to the breaking load 
of the rope could be readily settled by sub- 
mitting a sample for test. Speaking gener- 
ally, it may be said that the testing of worn 
ropes can only be of the greatest service if 
every possible piece of information as to the 
life, conditions of service, and observed 
peculiarities are furnished at the time the 
specimen is submitted. This is far from 
being the case at present, and the writers 
invite ipore attention to this point. Mr. 
Schweder has performed a useful service in 
drawing attention to Hrabak's practical 
method of obtaining the modulus of elas- 
ticity of new and old ropes. 

The three most obvious danger signals in 
a working rope are excessive wear, broken 
wires and corrosion, all of which are fairly 
easily to be discerned if examinations are 
regular and thorough*. In connection with 
corrosion, the authors wish to state that 



whereas, as a general rule, internal corro- 
sion is accompanied by very evident signs 
of external corrosion, this is not always the 
case, and ropes should be internally exanri- 
ined from time to time. In one case in 
their experience of very severe internal 
corrosion there was absolutely no evidence 
of this action on the exterior of the rope. 
In another case, one of severe external pit- 
ting, there was no damage whatever to the 
interior. Probably in the latter case tlit* 
internal lubrication had been well attended 
to in the process of manufacture of the 
rope — the reverse, doubtless, of the former 
case. Both these were instances of hard- 
worked ropes. 

With respect to Question VIII, dealing 
with the necessity for further regulations 
re winding ropes, this matter may be left 
to the Government Commission now sit- 
ting. 

Question IX, re sampling water for acid 
tests, may be left in the hands of the mine 
manager, who probably knows at which 
part of the shaft the most acid water is 
likely to be found. 

With regard to Question X, re twisting 
and kinking of ropes: In putting on a rope 
kinking can be avoided by using due care in 
taking the rope from its reel, and winding 
directly on to the drum of the engine. 
This is usually done, when time and cir- 
cumstances permit, on mines where the 
matter is considered of sufficient import- 
ance, by mounting the rope reel in bear- 
ings, either improvised or, as in some 
cases, specially provided. A brake of some 
description should be used in conjunction 
with the reel. The rope may, of course, be 
kinked By the driver letting out too much 
slack when the cage is resting on the 
chairs, or through a jam in the shaft. If 
a good driver knows he has done this, he 
will avoid kinking by having the rigger or 
some other experienced person below to 
tend the rope while he pulls in. If, on the 
other hand, he pulls in blind, damage is 
likely to occur to the rope. There are other 
ways in which slack rope may be caused, 
such as a rope coming ofif the drum by 
flanges breaking, etc., etc., but they would 
be in sight of the driver, and he would 
notice any tendency to kink. There is no 
harm in trying to get a kink out by legi- 
timate means which will not damage tho 
wires. The test of success would be tho 
appearance of the rope. Where possible, 
of course, the kinked portion should be cut 
off. 
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Th^j [authors wish to thank Messrs. 
Denpy,: not only for the full consideration 
they iiave given to the paper, but also for 
their offer to submit all the information 
with regard to the practice on the mines 
under their management. It is obvious 
that if others will do the same a mass of 
valuable data will be collected, which will 
be for the benefit of the mining industry, 
in that the possible defects in manufacture 
may be recognised, errors in treatment dis- 
covered, and a relative value attached to 
'the many deteriorating influences which 
affect the life of the winding rope. This 
will all lead to a more intelligent knowledge 
of the actual reserve of strength existing 
in a rope, as well as to the necessity for its 
being there. The arbitrarily fixed" mini- 
mum factor of safety for all cases may then 
become a thing of the past, and the ex- 
pense incurred in securing the best condi- 
tions of working may be compensated for 
by the preferential treatment accorded to 
the best practice. 

To make their meaning quite clear, the 
writers would direct attention to the man- 
ner in which the strength of boilers is 
assessed by the British Board of Trade, 
and to the discrimination shown by that 
body to such important matters as design, 
material and workmanship. The Board has 
made special rules in order to ensure that 
boilers, well designed, well constructed, 
and made of good material, should be 
allowed an advantage in the matter of 
working pressiire over boilers inferior in 
any of the above respects. Starting with 
H factor of safety of 5, to be used when all 
conditions are of the very best, additions 
are made for each instance of bad practice, 
so that in an extreme case these might 
total 6, and thus enforce a factor of safety 
of 11. It would be quite feasible, although 
perhaps not quite so convenient, to give 
the preference by means of deductions 
made from a standard factor established 
as suitable for ordinary, normal good condi- 
tions; but even then it would probably be 
necessary to enforce additions to this factor 
in some cases. 

Mt. Thomas' criticism of the writers' 

. - - 1 / niileaere run \ . ,, 

suggested formula I . — ^ -?- — . — I for the 

VfJictor of safety / 

comparison of the work performed by 
various winding ropes at various places does 
not appear to advance things at all, espe- 
cially considering the fact that in the ori- 



ginal paper it was stated that in arriving at 
the real factor of safety for this purpose it 
was necessary to compare the true effective 
strength of the rope with the total effect of 
all the destructive influences, these latter 
being pretty freely alluded to subsequently. 
The most obvious way to take these cir- 
cumstances into account is by making spe- 
cial deductions on account of each from 
the nominal factor of safety calculated in 
the usual way from a consideration of 
statical conditions only. 

Dealing with two special aspects of the 
case, viz., the grade of steel used in the 
manufacture of the rope, and the conditions 
of service in the matter of bending stress, 
Hermann Kroen (Manager of the St. 
Aegyd's Iron and Steel Industrial Co., 
Vienna) has proposed a formula for the 
minimum factor of safety, such as the fol- 
lowing. Statical factor of safety to be — 
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where b — the ultimate tensile stress of steel 
in lb. per sq. in., D = diameter of drum or 
sheave, and 5 = diameter of largest wire in 
rope, both diameters being measured in 
inches. Using this formula for a specific 

case, if b = 284,000 and-?- =1,500, then 

the minimum statical factor of safety 
should be 9'5. This appears a rather severe 
treatment of the case, but it is put forward 
here, without necessarily agreeing with 
Mr. Kroen, just to draw attention to the 
method by which a nominal statical factor 
of safety of 9" 5 would be reduced to 7 on 
consideration of two special circumstances. 
As far as these two circumstances are con- 
cerned, this formula points out one way of 
comparing the factors of safety in use in 
different winding plants. For reasons such 
as the foregoing the task of comparing the 
duty of ropes working in different shafts is 
not considered so hopeless as Mr. Thomas 
states it to be. 

In referring to the matter of the standard 
specification of wire ropes, Mr. Thomas 
suggests that the only alteration that is 
necessary to the present practice is that 
some standard percentage of deduction 
should be made from the aggregate strength 
of the wires for each of the various rope 
constructions. This to some extent is in 
accordance with the views of the writers. 
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but in consideration of the differences of 
opinion that exist as to what ductility a 
wire of high tensile strength should show, 
it also appears advisable that the guaran- 
teed torsions and bends (either average or 
minimum as decided upon) should also be 
stated in the specification By the manufac- 
turer. 

In response to Mr. Thomas's question 
with regard to ropes that have been 
strained by a big shock, such as an over- 
wind, it is evidently an incomplete answer 
merely to state that if the wires are not 
stressed beyond their elastic limit, then 
the rope would not be any the worse, while 
if they are strained to that extent or over, 
then undoubtedly the rope would be per- 
manently damaged — incomplete, because 
the evidences of strain beyond elastic limit 
might be slight and difficult to discover 
any way. 

. In the case of a wire stressed by tension 
beyond the elastic limit, permanent elonga- 
tion and permanent reduction of cross area 
occur. If the test is continued until frac- 
ture occurs, it will be found that the 
amount of elongation and the amount of 
reduction in cross-section are far greater 
in the immediate neighbourhood of the 
fracture than anywhere else in the speci- 
men. At these latter parts the reduction 
in area is hardly ai)preciable, and difficult 
to measure. If a period of rest is allowed 
(regarding the duration of which the writers 
cannot speak), and the two pieces into 
which the wire has been broken are each 
separately tested, they will be found not to 
have deteriorated much in the matter of 
ultimate tensile stress, while the elastic 
limit may actually have been raised. The 
writers will experiment further regarding 
this effect, and also as to whether the 
elastic limit is raised or lowered, and 
whether the capacity to resist bending and 
torsion is adverselv affected. Mr. Thomas's 
experience in this respect is very interest- 
ing, and corresponds practically with that 
of the writers. The local reduction of area 
above referred to can generally be seen at 
the fractured ends of the wires after a 
whole rope test, and this effect can also be 
seen in the cases of ropes or bridles of 
skips that have been broken at times of 
overwind. 

Two interesting tests were made in the 
Mines Department I^aboratory, each of a 



piece of rope cut from a point near to where 
the rope had been broken, due to an over- 
wind, and in neither case was a reduction 
of tensile strength noticeable. More of this 
class of work will be done as the oppor- 
tunity offers, but rope breaking by means 
of overwind is, fortunatel3^ not of frequent 
occurrence. In looking for a reason for the 
apparent immunity from damage of the 
rest of the rope, it must be remembered 
that the stress due to a shock is trans- 
mitted through a wire or rope by a wave 
motion. In the case of an overwind, it is 
highly improbable that the initial stress 
created, owing to the sudden stop, will be 
sufficient to break the rope, but as this is 
the case of a short rope, there will be pro- 
duced numerous super-imposed reflections 
of the wave, with resulting extra stress. 
If this is true, then it will be seen that 
the whole of the rope between the winding 
drum and the skip will be stressed nearly 
to breaking point. In all probability, how- 
ever, there will be no evidence of this ex- 
cept at the point of fracture, and* under 
test the rope may appear as good as ever. 
It will evidently be the proper thing to 
remove as much as possible of the over- 
strained rope and have it thoroughly tested. 
In the writers' opinion, the p)ortion of rope 
that was resting on the pithead sheave at 
the time of the overwind should certainly 
be cut off. 

The matter of how the working wear was 
distributed in a winding rope was touched 
upon by at least one of the contributors to 
the discussion. This is a very interesting 
point, but unfortunately the subject is a 
lengthy and a costly one to investigate. 

The writers can, however, give you par- 
ticulars of several tests conducted of 
samples taken from various selected places 
in a rope (1^ in. diam.) worn to a finish at 
the Ilobinson Deep Mine — that is to say, 
used until the authorities thought it pru- 
dent to discard it. The piece they selected 
for test as the most worn proved to be so, 
which is very satisfactory, and bears out 
the authors' contention that careful exam- 
ination of a rope will reveal" a great deal as 
to the strength remaining in it. This j.'tr- 
ticular rope had a breaking load of 125,440 
lb. (say, 62^ tons) when new, according 
to the maker's certificate, its construction 
being six strands of nine over three, with 
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wires '095 in. in diameter. The full details 
of the test are as follow : • — 



Sample Taken. 


Breaking Load. 






lb. 


Tons of 2,000 
lb. 


25 ft. 


from skip... 


94,304 


47-1 


200 ft. 




84,851-2 


42-4 


250 ft. 




72,060-8 


36-0 


400 ft. 




82,208 


411 


600 ft. 




83,843-2 


41-9 


800 ft. 




81,670-4 


40-8 


1,000 ft. 


^ 


87,584-0 


43-8 


1,200 ft. 




87,696-0 


43-8 


1,400 ft. 




88,457-6 


44-2 


1,600 ft. 




84,000 


42 


1,800 ft. 




101,763-2 


50-9 


1,850 ft. 




107,676-8 


53-8 



Sample cut 250 feet, from skip showed 
signs of wear both outside and at the back 
of ware, and also considerable pitting. 

Sample cut 1,850 ft. from skip showed 
wear on outside of wires, but very little on 
inside, and no pitting. 

The distribution of wear as disclosed in 
the above test does not argue in favour of 
the use of a taper rope. 

In another instance of a discarded rope 
the following results were obtained. The 
rope had been in service for 7 J months, and 
was taken off because it had got kinked 
and the bad place could not be cut off so 
as to leave a serviceable length. The 
breaking load of the rope, when new, 
according to the maker's certificate, w^as 
125,440 lb. (say, 62J tons). 



Sample. 


Breaking Load. • 


End next splice 

200 ft. from splice ... 

400 ft. 

600 ft. 

Near to kink 


lb. 
95,827-2 
95,782-4 
92,848-0 
92,288 
93,385-6 


Tons of 2,000 
lb. 
47-9 
47-9 
46-4 
461 
46-7 



The practice of submitting to test sam- 
j)les of a winding rope, when it has been 
decided to discard it, cannot be too highly 
commended. It will enable the engineer 
id learn definitely how far his judgment as 
to the strength remaining in the rope is 
correct. Any conclusions drawn as to the 
duty obtained from a winding rope must 
obviously be incomi)lete unless the true 



strength of the rope, at its most worn part, 
is ascertained at the time it is taken off. 

From knowledge gained in this way the 
possibility and advisability of using a lower 
factor of safety for deep level winding may 
perhaps be discovered. The experiment of 
using a lower factor than 6 can, of course, 
only be tried when hoisting rock or water, 
but where circumstances permit, there is 
a great deal to be said in favour of the trial. 

The authors are more than glad that they 
had the temerity in their paper to introduce 
the chemical aspect of rope deterioration. 
No misconception appears to have arisen 
owing to the step — the chemists have come 
forward with alacritv ?o assist in the 
inquiry, and they have attacked each 
other, and not the writers. 

The interesting experiments of Mr. Hey- 
mann go to show that even the most acid 
mine water has very little more corrosive 
action than plain water, and that the 
primary cause of the corrosion of the wires 
of wunding ropes is contact with air or 
deleterious gases. This is a most impor- 
tant point, in that it allows of experience 
gained in Great Britain with respect to the 
efficiency of galvanised wire rope to be re- 
ferred as holding true for the Transvaal. 
Dr. Moir's experiments have entirely dis- 
posed of that bogey, wbich was always a 
scientific fallacy, viz., that during the life 
of a galvanised wire rope, when the zinc 
was worn off in places, the galvanic action 
would then lead to more rapid wasting of 
the steel. Through the courtesy of Messrs. 
Allan, Whyte & Co., Dr. Moir and the 
writers have been able to repeat the ex- 
periments, the results of which were pre- 
viously published, dealing with the effects 
of galvanising as a preservative and as a 
deteriorating agent with respect to the 
ductility of the steel. The samples for- 
warded represented identically the same 
wire, plain and galvanised, so that an exact 
comparison was possible. Table C shows 
the results obtained. The method of pre- 
paration of the specimens for the chemical 
test was the same as previously described 
by Dr. Moir. It is evident that a coating 
of zinc has a protective action on steel even 
'When the latter is exposed to the acid. 
Generalising, results show that plain wire 
suffers about thirty times as much corrosion 
from fairly strong acid as the same wu'e 
does when it has a coating of zinc near the 
exposed surafce of the iron, and about ten 
times when the acid is weak. 
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The galvanisine; in these iiistsnces was, 
of course, of the ordinary commerciaJ 
character, and not home vuidCf as in the 
case of the previous experiments, the rea- 
son for repeating the tests being that the 
latter improvised method of galvanising 
liad, it was suggested, nossibly spoilt the 
wire. 

The effect on the ductility and on the 
other desirable quahties that the hard 
drawn steel originally possessed is fairly 
clearly set forth in the tabulated results. 
The elongation is increased nearly 100 per 
cent., while the tensions and bendings ob- 
tained are reduced, the former rather less 
and the latter in a rather greater degree 
than was anticipated from the results re- 
corded by previous investigators. 

• 

Mr. W. A. Caldecott's contribution read 
here this evening must be regarded as an 
interim report published at the earnest 
.^icitation of the writers before the conchi- 
sion of the discussion. It makes public the 
fact that Mr. Caldecott has embarked on a 
most important investigation, and the 
Institution to which he decides to present 
a fiill account of his researches is to be 
envied. It is to be noticed that Mr. Calde- 
cott's results obtained up to date agree 
generally with those quoted by the writers 
from Marion Howe's treatise. The atten- 
tion of Mr. Johnson and Mr. Docharty, 
who apparently did not believe that the 
ductility could be partially restored by the 
slow process of simple exposure to the 
atmosphere at ordinary temperatures, may 
be directed to Mr. Caldecott's statement 
that a relatively short lapse of time also 
partially restores toughness by allowing 
some occluded hydrogen to escape, but its 
complete expulsion is a most difficult 
matter. 

In concluding these few remarks and 
j?ratefully acknowledging all the assistance 
they have already received, the writers' 
have only to express their conviction that 
the great deal that yet remains unknown 
regarding the winding rope does not involve 
problems incapable of solution. The re- 
sources of these mining fields afford ainple 
scope for the necessary practical trials; a 
sympathetic Government has provided the 
Mines Department with an adequate test- 
ing laboratory, and, given the cordial co- 
operation of all engineers and rope manu- 
facturers, perhaps the most necessary item 
of the whole equipment, and one that it is 
felt certain will never be withheld, the 



w^riters feci assured that future progress 
towards the settlement of these problems is 
no longer in doubt. 

The President (Mr. E. Farrak): I think 
you will agree with me that the reply 
to this discussion is second onlv in value to 
the paper itself. We have had an addition 
to our information in this respect, which, 
taken in conjunction with the paper itself, 
will largely increase our information w^ith 
regard to wire ropes. I should like to ask 
Mr. Vaughan if he would give us the dif- 
ference in tensile strength between the gal- 
vanised and non-galvanised wires he refers 
to. 

Mr. J. A. Vaughan: The difference only 

amounted to a very small percentage. If 

: vou take the actual area of the wire, count- 

I ing in the thin coating of from ^^jjji to ^^^ 

of an inch of zinc on the outside, it shows 

reallv a moderate reduction in tensile 

, strength, but where you figure it on the 

. actual area of the steel there is really no 

; appreciable reduction. The figures are a 

bit variable. Wo got in one case here 1,200 

lb. as against 1,220, the breaking load of 

the wire, the 1,200 being ungalvanised 

and the 1,220 galvanised. The makers at 

.home get 1,210 and 1,215. Unfortunately, 

Mr. Epton, who actually carried out the 

tests, is away, but I am certain of this, 

that he was convinced in his own mind that 

there was practically no reduction in tensile 

strength at all. He was rather surprised 

at obtaining such a big drop in the bends, 

and such a small drop in the torsions as 

between the galvanised and plain wires. 



AVIEE ROPER USED FOR WINDING: 
THEIR STRENGTH, AND SOAfR 
CAUSES OF ITS REDUCTION. 



Paper by Messrs. J. A. Vaughan and W. 
Martin Epton (Members). 



Mr. G. A. Goodwin, M.I.C.E., 
A.M.I.E.E., Wh.Sc, of London, sends the 
following \*Titten contribution. It arrived 
after the discussion of ^lessrs. Vaughan 
and Epton 's paper had been closed and 
replied to: — 

While at some works the other day I 
came across last year's October number of 
your proceedings, and, seeing the discussion 
on the paper ** Wire Ropes Used for Wind- 
ing: Their Strength, and Some Causes of 
its Reduction," by Messrs. J. A. Vaughan 
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and W. Martin Epton, I got the loan of it, 
it being a subject I am niuch interested in. 

I do not know if you care to receive any 
comments from engineers other than mem- 
bers, but in case you do, 1 have pleasure in 
submitting the following remarks, hoping 
they may be considered of value. 

With regard to Mr. Williams' remark 
that ropes intermittently wetted with a 
weak solution (08 per cent.) of H2SO4 
gradually become coated with a strong or 
concentrated solution owing to the evapora- 
tion of the water, he will, t am sure, find 
that this result does not take place, as the 
water and acid are so intimately mixed that 
they cannot be separated by ordinary eva- 
poration, while the intermittent wetting 
with the weak solution will restore and 
maintain the acid solution on the ropes at 
the original density. 

On the question of galvanising, there is 
no doubt whatever that it has an injurious 
effect on steel wire, and, consequently, on 
wire ropes, the ill effects being greater as 
the quality of the steel improves and as its 
tensile strength increases. 

The deterioration, however, is not due to 
the simple fact of its having .'i coating of 
zinc on it, but is owing to the necessary 
HCl cleansing process preparatory to the 
galvanising, while the heat of the bath re- 
duces the temper of the steel, and which 
cannot be subsequently recovered by a 
further drawing after the wire has been gal- 
vanised. 

Owung to the steel being ductile, while 
zinc practically is not, whenever a coated 
wire is subjected to a twist test the gal- 
vanising always cracks and peels off, and 
any roughness of the coating cannot pos- 
sibly induce cracks in the steel. During 
my practice for some 25 years as a consult- 
ing and supervising engineer I have had a 
considerable number of wire ropes through 
my hands, and only recently have had occa- 
sion to make a large number of tests on 
steel wire for use in the- Transvaal, and 
tliese, as well as previous experiments, 
clearly show that galvanising both reduces 
the tensile strength and the number ol 
twists obtainable in a given length. 

From an examination of a large number 
of tests I have carried out it appears that 
the average tensile strength of bright wire 
was reduced "3 per cent, after galvanising 
(although in a few isolated cases I have had 
an increase of 5'3 per cent., but this is pro- 
bably due to inaccuracy, due to rapid test- 



ing in the works), while the number of 
twists in 6 in. was reduced 34 per cent. 
The samples of wires were, in each case, 
taken from the same coils, and within a few 
feet of each other, just before and after 
passing througR the galvanising bath; the 
quality of the steel was 76 tons per sq. in., 
ten twists in 6 in., and had 0*7 per cent.- of 
carbon. 

It has been inferred from Dr. Moir's ex- 
periments that galvanising improves the 
wire, and the proof of this is that the 
elongation was practically doubled (it must 
have been a very hard wire originally). 
This, however, I think, will be found on 
further investigation as not an improve- 
ment, as I have no doubt the wire tested 
was a high tensile and moderate extension 
one, and that the effect of the heat of the 
galvanising bath lowered its temper, 'gave 
it a higher elongation, but a somewhat 
lower tensile strength, and much les6 twist- 
ing resistance, which characteristics were 
clearly not required by the specification to 
which the wire was drawn. 

It may be argued that, inasmuch as the 
number of twists is reduced by the process 
of galvanising, the elongation should also 
be reduced. The effect, however, of the 
acid bath is only a surface one, and is not 
felt in the wire when under a direct pull 
(unless there was a fault in the wire and 
allowed the HCl to get in), but only when 
the surface is subject to twisting or sliding 
action on its neighbouring particles, the 
effect being greater as the diameter in- 
creases. 

With respect to drawing of wire after 
being galvanised, this cannot be effected for 
the reasons previously stated, viz., that 
zinc has no practical ductility. 

The effect of the increased cross section 
of wire, due to the coating of zinc., is of no 
practical moment. Firstly, the increased 
area due to ordinary galvanising is infini- 
tesimal, and while the tensile strength of 
the wire may be 65 to 90, or even 110 tons 
per sq. in., zinc is only about 3 tons at 
most. As an example, some wires I tested 
had a diameter of 160 in. when bright, and 
'1625 in. when galvanised, giving an in- 
creased area of '00063 sq. in., with a corre- 
sponding increase of resistance, due to the 
zinc, of only 4*23 lb. as compared with 3,900 
lb., the breaking strength of the bright 
wire . 

As a protection for wire ropes, no doubt, 
galvanising is frequently advisable, but it is 
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ftlways a question of balance of advantages. 
If this be done, then the total strength of 
the rope should be made slightly more than 
otherwise required, to allow for the de- 
terioration effects previously described, and 
then thev should be further and constantly 
proteetfd by grease, free from all traces of 
Hoid, uud BO prevent galvanic action iu ease 
of any abrasion taking place in the zipe 
surface. 

With reference to the ultimate strength, 
ns given in a testing machine, of ft round 
rope as a whole, I puf this as about 75 to 
HO per cent, of the sum of the strengths of 
the individual wires. 

With reference to the testing of wire 
ropes to destruction, it Is most difficult to 
obtain anything like the full efficiency of the 
sum of the individual wires, chiefly because 
of the difficulty in getting a good grip of 
I'ach wire. If, however, the grip could be 
made long enough to allow every wire of 
fvery strand to come to the surface, then 
a very close approximation would be ob- 
tained. 

In an ordinary testing machine the best 
ri's\ilts I consider possible in a compound 
i-ope would give an average of 87^ per e«nt. 
in a 6/7 strand rope, each strand having 
(1/7 wires, and about 75 per cent, in a 6/7 
strand rope with 19 wires and upwards in 
each. 

The ropes for the Sydney Middle Har- 
bour Suspension Bridge, N.S.W., which T 
was responsible for, had a circumference of 
7J in., 7 strands, each of 27 wires, dia- 
meter of wire 1225 in. The breaking 
strength of the wire was 110 tons per sq. 
in., and givinc 16 twists in 6 in. The total 
value of the 189 wires was 210 tons. This 
rope, when tested as a whole to destruction 
by Mr. David Kirkaldy, gave a percentage 
cif efficiency of 761 per cent., reckoned on 
the specific strength of the wires, but 67 
per cent, if reckoned on their actual resist- 
Hncp obtained by testing the wires singly. 



drum in cross -section, which some time 
back developed cracks through the flanges 

joining the two halves of the drum together. 

We first stayed these flanges by [ irons, 
but without success. We then unwound 
the winding rope and spliced into the end 
of it a piece of old rope, suffioiently long 
to form one layer between the flanges of 
the drum. 

We fixed the free end of the old rope to 
the drum in the usual way, and wound it 
on under a very moderate strain. This 
layer always remains unwound, and as a 
few rounds of the second layer are likewise 
kept on the drum, thus covering up the 
splice at x and locking it. we are complying 
with the necessary regulations. 

By adopting this method , we saved the 
expense of new rope for forming the bottom 
laver, which might be called dead, as it is 
never used for winding. A similar saving 
will be effected each time a new rope is 
required. 



EHraci from " Thr .Jnurnal of the Traiis- 
rurtl Inslitnlc of Mfchaniciil fJngineerit," 
Vol. ir.. No. S, IftOfi.— 

SOME IXTEBESTING REPAIES TO 
MACHINEEY. 



Bv Mr. K. SCHWEDKR. 



.Kn a third example, I would hke to show 
you a sketch (Fig. 5) of a cast-iron hoisting I 
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There has been no further extension of 
the cracks since we made this arrangement 
some eighteen months ago, and it might be 
interesting to consider how the drum shell 
is relieved on account of the first layer 
of elack rope. 

Supposing the winding strain S in the 
rope be uniform (which is only the case 
with tail ropes) and the first layer on the 
drum is coiled on under this strain, then 
the crushing strain in the drum shell per 

S S ^ 

because 



square inch=-r- 

r 



25x125 1-56 

the drum shell is 1*25 in. thick and the 
rope is l'2r) in. diam. 

If the cross area of the rope /='56 sq. 

in., then the strain per square inch drum 

shell is, to my belief, if a second layer of 

S 
rope is added, - : » and if a third layer 

of rope is put on the drum, the additional 
strain per square inch cross section in the 

drum shell is ^—-^ — ^r-? . 

1-56 + 2/ 

The total crushing strain per square inch, 
due to three layers of rope which were each 
put on under the strain 'S, amounts there- 
fore to — 

S S s ^ s S S 

1 56 lo6 + / 1-56 + 2/ 1-56 ^2- 12 "^2 68 

= 1-48 S. 

On the other hand, if the first layer on 
the drum be put on with moderate strain, 
and three layers coiled on top of it with 
working strain S, then the strain per square 
inch in the drum shell section will be only — 

S_.___S S 

1-56 + / 1-56 + 2/ "^1-56 + 3/" 

s s s 



2- 12 



2 68"^3 24~^'^^^' 



The specific crushing strain is thus re- 

1-48 - 1*15 
duced by p^^ — =22 per cent., but the 

slack lH\er on the drum is, apart fi-om this, 
forming a kind of a bridge over the division 
of the drum, and strengthens the flanges 
all the more, and the drums gave no more 
trouble as already stated. 

Although these examples themselves 

might not lead to much discussion, I 

thought they might be of considerable in- 

terest to members, and induce others to 

come forward and give their experience in 



similar cases, as on almost every mine cer- 
tain repairs and alterations crop up from 
time, to time, and I think many of them 
would be well worthy of description and of 
use to the resident engineer. 

The President (Mr. E. Farrar) : I think 
you will agree with me that Mr. 'Schweder 
has introduced quite a valuable new depar- 
ture in our proceedings. It is not perhaps 
entirely new, because we had a paper fi'om 
Mr. Spengel, on repairs to a crank shaft, 
but it certainly deals with a subject of great 
interest and great importance. The making 
of repairs sometimes requires very great 
care and very great thought, and occasion- 
ally involves considerable anxiety, and I 
think it would be well if those of you who 
have carried out repairs of a particularly 
intricate and difficult character would give 
the benefit of your experience to the Insti- 
tute. I am not quite clear if I understood 
Mr. Schweder in the last drum problem. I 
understood him to say that the compression 
stress on the drum was reduced by the 
additional layer of rope. 

Mr. J. A. Vaughan: It is generally 
accepted on these fields that additional 
layers are detrimental to the life of a rope. 
That means, to say that additional pressure 
is created. Whether it is so or not I would 
not like to state. It is the prevailing view 
that when there are riding turns, the under 
layers are not relieved of any stress at all: 
they rather get more. I should like Mr. 
Schweder clearly to explain his reasons for 
considering that the drum was relieved of 
stress by the winding of one standing layer 
of rope on it. 

Mr. K. Schweder: When 1 was in 
Europe I had a discussion with the makers 
of winding engines on this point, and they 
were not quite clear on the subject. It took 
me a good deal of thinking before I came 
to this theory that I have brought forward 
to-night. -I am glad some discussion has 
started on the point, as it gives me an 
opportunity to explain a little more on the 
subject. What I mean is this : If you look 
at a drum shell in radial cross section (Fig. 
6), and the rope being put on in the ordinary 
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way under a winding strain, S, this strain 
is transmitted as a crushing strain into the 
cast iron body, and this crushing strain is — 
if you agree with me — of the same magni- 
tude as the tension in the rope. That is 
the first layer. The specific crushing strain 
— looking now at the other cross section in 
the cast iron drum (Fig. 7) — on this area 
equals S divided by the total area. The 
width is IJ in., and the thickness is 1^ in. 
The square of IJ equals 1-56. That is the 
specific crushing strain on the cast iron 
drum. If you put a second layer on top of 
it, I maintain (but this is only my theory) 
that this first strain romains in the drum 
as the result of the first layer, and in addi- 
tion to that we have got a second specific 
strain equal to S, divided by the cross area 
in the drum shell, plus the cross area of 
one rope. That is 1*56 plus F. Now, you 
might say that the rope cannot take any 
compressing strain if you have another layer 
on top of it, and that it would rather bulge 
out. As long as it is under tension or 
enclosed by other coils it cannot bulge out, 
and the cross area will assist against an 
additional strain. Therefore, if a third layer 
comes on we get plus S divided by 1'56 plus 
2F. Of course the specific crushing strain 




increases with each layer, but not in the 
proportion of the layers. It is not doubled 
by the second layer, but it is increasing. 

Mr. J. A. Vaughan : Did vou find in this 
particular experiment that the stress on 
your drum was relieved by putting that 
strain on? Engineers agree that the most 
damaged part of the winding rope is the 
bottom layer on the drum. 

Mr. K. ScHWEDER : The wear of this old 
rope might be more than the wear of the 



new one, but I do not know that we have 
anything to show to that effect. The first 
layer of the drum wears the most because 
it has to stand the immediate crushing 
strain of the other la vers. 

Mr. J. A. Vaugiian: The theory of one 
eminent engineer on these fields is that the 
drum under pressure contracts, and so i)rac- 
tically relieves the first layer of the ropo 
of some of its tension. Does Mr. Schweder 
think that might occur? 

Mr. K. Schweder: One must think in a 
certain way, and form a certain idea how 
these stresses are acting and re-acting, and 
my idea of the subject is that if one rope 
is put under a strain, it transmits the strain 
right on to the drum a^ re-action. If the 
second layer comes on to the first layer, 
this is the active part, and the other parts 
below are re-acting. 

Mr. J. A. Vaughan : The point I brought 
up was this : If the first layer is laid on at 
a certain tension, any additional layers of 
rope wound on after that will, so to speak, 
put an additional compression on your 
drum, and so relieve the first layer of the 
tension which was originally put on. 

Mr. K. Schweder: Certainly it does. In 
the case of two working layers the top rope 
would not relieve the bottom rope entirely 
of the inert tension, because the top rope 
tension is tmnsmitted to the bottom layer 
and to the drum as well. The re-action is 
divided between the drum and the first 
layer of the rope. Supposing we had no 
drum but only the bottom rope, then the 
second layer would take the tension out of 
this rope entirely. 

Mr. \V. Martin Epton : It applies to fiat 
ropes just the same? 

Mr. K. Schweder: Yes. I come now 
again to the point how the lowest rope really 
relieved the drum. If you have one layer 
without any tension, then the first working 
layer of the rope transmits the tension to 
two re-acting cross areas. Therefore you 
start. with the formula that the total specific 
crushing strain equals S divided by 1*56 
plus F. For the next layer the strain equals 
S divided by 156 plus 2F, and for the third 
layer it equals S divided by 1*56 plus 3F. 
The result of that equals 1-15 S. There- 
fore, we have reduced by the standing layer 
the specific crushing strain from 1*48 8 to 
115 S. 
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Mr. J. A. Vaughan : Your Doint is that 
the tension does not go further than the 
point of application. If the rope gets any 
release owing to the drum shrinking under 
tlie ])res8ure, there is no sliding of the layers 
one along the other, on account of the fact 
that the winding tension is not transmitted 
far enough along the previously wound on 
j)<)rtion of the rope. 

Mr. K. Schweder: Oh, no. 

Mr. J. A. Vaughan : You think it goes 
ri«:ht through? 

Mr. K. Schweder: Naturally. It changes. 
The tension of one round is come down to 
a half. 

Mr. J. A. Vaughan : It is diminishing. 

Mr. K. Schweder! Yes, diminishing. 
PtThaps you could form a better idea if you 
had to deal with an elastic belt — an elastic 
holt that is rather stretched. If you put 
nnother rubber belt on under tension — 
another layer — this layer would take out the 
tension and would even, if possible, convert 
the tension into compression. 

Mr. J. A. Vaughan : The chief point you 
liave brought forward is that you found in 
this particular instance that the stress on 
the drum was relieved by the apphcation of 
a standing layer. If this is so, I think you 
have proved, practically, a most important 
point. I understand that, after laying a 
standing layer on the drum, you found 
these cracks did not increase in size? 

Mr. K. Schweder: Yes. We first tried 
to stay the crack by channel iron stays, but 
this did not prevent further cracks appear- 
ing. Then we put on the rope, and, as I 
have already stated, the compression in the 
rast iron drum was reduced by 22 per cent., 
as I believe besides that, the rope formed 
a kind of protection, because the division 
tlange faces being not in perfect metallic 
conjunction, that is they slipped when the 
tension came on the rope, and this gave a 
very bad bending movement. 

The President : It appears to me that 
the initial tension of that bottom rope still 
remains there. The equation as to the 
stress is qirite right if you eHminate the F. 
In g\m making they go in for wire winding 
on the theory that the tension is not on 
the inner coils. I cannot conceive how that 
rope can come into a state of compression, 
and I quite fail to see how it can take in 
the stress. 



Mr. J. A. Vaughan : Winding engine 
drivers tell me that when ropes are well 
greased they will lay up a great deal closer 
than when they have got no lubrication. 
In a case like that I consider that the ten- 
sion hati run through almost to the connec- 
tion point. The question ie, when we lay 
an extra layer on the drum, in so doing, 
do we discontinue the tension through the 
rope or not? If we discontinue the tension, 
I can quite understand that it relieves the 
drum of strain, but if the tension is con- 
tinuous throughout that rope from start to 
finish, then by adding these layers we in- 
crease the strain. I think it is a very prac- 
tical question, and "Mr. Schweder is much 
to be thanked for bringing up this instance. 
I am sorry, however, that I cannot follow 
his explanation. 

Mr. L. C. Bayles : If the drum is going 
at a high speed with practically no rope 
on it, the drum would tend to burst by cen- 
trifugal force. If you wind a coil of rope 
on the drum you relieve the flange of all 
further strain, and if that coil of rope is 
left on the drum you would be perfectly 
safe in taking out the bolts from the flange. 

Mr. K. Schweder : Mr. Bayles seems to 
imply that centrifugal force was really the 
cause of the crack. This is a point I can- 
not agree with at all. If that was the case 
the cracks must be on the outside of the 
drum and not on the flanges. The centri- 
fugal power of a drum going not more than 
60 revolutions per minute is not sufticient 
to produce the cracks. Keplying to Mr. 
Vaughan, I do not maintain that an addi- 
tional layer of winding rope will strengthen 
the drum, but if an additional lajer is put 
on, on top of the bare drum under no ten- 
sion, this will help the drum. This layer is 
simply nothing more than an inci-ease in 
thickness of the cast iron drum shell. In 
fact, when these cracks occurred, my first 
int-ention was to put something round the 
drum — flat iron, or another shell, or some- 
thing of that sort — and then it struck me 
it would be much easier to put round a coil 
of rope, which would help the cast iron 
drum shell to bear the crushing strain on 
it. 

Mr. J. A. Vaughan: It is just according 
to how you lay it on. If you lay it on with 
perfect lubrication the tension would be 
transmitted right through, and you would 
^ei not a dead layer but a live layer. 

Mr. K. Schweder : I am quite convinced 
that the working tension of the rope cannot 
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go further than two or three rounds of the 
rope. 

Mr. J. A. Vauohan : I noticed that an 
engineer writing recently alluded to the 
point of the standing turns of rope on the 
drum, and stated that three or four turns 
on the drum w^ere really not Hufficient to 
run the whole tension out, but that the con- 
nection with the drum finally is the thing 
that the engine driver should depend upon. 
He pointed out this fact, that very often 
when a rope is put on. at the connection 
with the drum, and in the first layer, the 
rope may be quite slack, but after a week's 
work this is all pulled quite tight; that is 
to say, the tension goes right through. 

Mr. H. H. Johnson : I think myself that 
if Mr. Schwedcr had carried his original 
plan into effect he would have had better 
results. That is simply putting a dummy 
shell on to the drum, because his explana- 
tion of the coils of rope forming a bridge 
over the joint is probably the reason why 
the cracks did not extend any further. 

Mr. K. ScHWEDER : I quite admit that it 
was my intention originally to put some- 
thing else on, but this was the only hoisting 
engine on the property, and if we had put 
on a dummy shell it would have interfered 
with the work considerably, quite apart 
from the cost. The old rope cost nothing, 
and there was practically no interference 
with the usual work of the mine. 

The President: My objection to Mr. 
Schweder's theory is that I cannot conceive 
of a rope taking the compressive stress 
which it has to do if it is going to relieve 
the drum. 

Mr. K. ScHWEDER : The standing layer 
under the working rope gets the compres- 
sion. In the working rope only the ten- 
sion is relieved by the consecutive tension 
of the following layer, and it is reduced but 
not taken out entirely. In order to cause 
a compression, you first have to take out 
the tension of the layer below. Of course, 
the compression is not so effective as the 
reduction in tension for the rope, I quite 
agree with that. 

Mr. J. A. Vaughan : I do not think this 
discussion should be closed without a re- 
minder that these longitudinal webs on a 
drum are of no value whatever. Where you 
have to join the drum up in semi-circular 
halves these webs must be used, but they 
do not add strength. If you want to 



strengthen your drum at all yoxx should 
strengthen it with transverse webs, for longi- 
tudinal webs on a drum are a source of 
weakness and not of strength. 

The pREsmENT: I know of an instance 
where a winding drum has been winding for 
a short depth for a long time without any 
wear at all. When the depth was increased, 
and there was more weight on the drum, it 
began to wear. 

Mr. W. Martin Epton : When a drum 
begins to fail, owing to winding from greater 
depth, it is not always due to the com- 
pression action but to the wedging action 
of the ropes themselves. 

Mr. J. A. Vaughan: In our experience 
where hoists have been used for greater 
depths than they were designed, the wedg- 
ing action between the rope and the flanges 
usually breaks them down.. That is really 
how the geared hoist breaks down at great 
depth, the greater number of layers, the 
greater leverage exerted against the root of 
the flange. 

Mr. K. ScHWEDER : Regarding the point 
the Chairman brought up I think I am not 
quite understood, and I should like to say 
again according to my theory each consecu- 
tive layer puts down an additional crushing 
stress into the drum shell, but this addi- 
tional stress is not so much, as the working 
laj^er below had produced. If we have a 
specific crushing strain of 4 tons per square 
inch in the drum shell with one layer on. 
we do not have 8 tons with the second 
layer on, or 16 with the third, but they de- 
crease in a certain manner, and this reduc- 
tion of the additional strain I tried to work 
out on the blackboard. 

The President : With that diminishing 
layer you get to a point where there is no 
tension at all ! 

Mr. Schweder replied by a diagram. 

The meeting then terminated. 



SOME INTERESTING REPAIRS TO 
MACHINERY. 



further contribution s . 

Mr. Schweder: Referring to Fig. 8. I 
understand Mr. Vaughan 's question, whe- 
ther the tension brought on by the working 
coils fl, b, etc., is not transmitted to the 



"W(ra Rbpm lor Hnlallng.'* 



very end of the rope at A. I do believe that 
the standing coile d, e, f have a kind of a 
locking effect, and the coiling of the layer 
a, b, c, etc., to the left has, if anything, the 
effect of slackening the rope towards the 
end A, 

When the layer unwinds from m, n to- 
wards the right, the Black in the rope A to 
B is likely to equalise again, while I can- 
not fancy that any alteration will take place 
in the rope piece B to C, which is locked 
under d, e, f. 

If it were not so, and the working tension 
were running through to the point A, then 
the additional (standing) layer of rope would 
rather weaken ingtead of strengthen the 
drum, which is not shown by the practical 
experience. 

A', « 



Mr, Vaughan quotes the experience with 
flat ropes on reels where the rope slips over 
itself and the tension goes down to the very 
end fastening, but this is different from the 
round rope proposition where a kind of self 
working between B and C is surely happen- 
ing. If Mr. Epton's question before referred 
to the same flat rope on the reel, this reply 
stands for it as well. 

In conclusion, I quite admit that the 
portion of the reacting compression taken 
by the underlying rope, and that taken by 
the drum shell, might he dispensed with, 
and it is more accurate to take it in propor- 
tion to the reversed product of area and 
modulus of elasticity. But who is deter- 
mining the modulus of elasticity of a hoist- 
init rope under compression when encir- 
cled? 

It is, therefore, simpler and nearly as 
accurate, I believe, to eliminate the modu- 
lus of elasticity for the formula, and take 
the results from it only as approximations 
as what they were meant to be. If one of 
the members can advance a theory which 
is more lucid to me. I will be quite pleased 
to adopt it. In any case, we want in this 



country something in the shape of a formula 
to determine the thickness of drum shells, 
where we are using almost at every mine 
one or more hoisting engines with over- 
lapping ropes. 

Mr. A. OsTBEiCHETi: The armed drum 
problem is a very interesting one, as it con- 
tains a number of conditions which make 
a correct investigation so complex that even 
in the hands of a mathematician many in- 
fluences have to he neglected, so that the 
result would be, even in the best case, an 
approximation. I therefore, after trying to 
solve the problem by means of calculus, 
attempted to surmount the difl3culties in 
the following manner, which does not claim 
correctness, but is easily understood. 

If a rope is coiled over the drum with a ■ 
very small stress, hut in such a manner that 
the arming ropes All the space between the 
hoisting drum and hoisting rope tightly, 
then they are, by the hoisting rope, which 
has a constant tension, compressed. They 
change their cross sections, and their origi- 
nal diameters diminish. If the ropes are 
packed tightly, then the deformations of the 
cross sections may be neglected as tliey are 
comparatively small, and only the deforma- 
tions in the circumference considered. The 
assumption of the constancy of the ci-oss 
sections of the supporting parts, that is, of 
arming ropes and drum, causes certain 
errors, Init as ropes and the cast iron drum 
do not follow Hooke's law. on which, up to 
the present, all statical investigations de 
jiend, I doubt that by means of the intro- 
duction of an arbitrary' Poisson's intin. 
something better could be obtained than n 
rou^h approximation. 

Now to my method of investigation. 

If the hoisting rope, which is thought to 
be fastened to the drum, is wound round 
the armed drum, each element is subjected 
to the constant tension T. If we imagine 
the hoisting rope cut in a diameter, then 
equilibrium can only be maintained when, 
at certain points of the two cross sections, 
external forces are added which are equal to 
the tension of the rope T. The resultant of 
the added external forces 2T will pass 
through the centre of the drum, as the ex- 
ternal forces lie symmetrically, and 2T is 
also the resultant of the internal forces. 

Now, by coiling the hoisting rope round 
the armed drum, the diameter of the first 
coil will he diminished by SD', and this 
causes an average stress. 
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The stress in anj- of the arming coils is 



'^- 



and in the cast iron drum 

where E^ and E are Young's moduli of elas- 
ticity for the ropes and cast iron. I men- 
tioned that both are functions of the stress. 
If 8jy, 8D" ... 8D and E», E were 
known, it would not be difficult to deter- 
mine the loads carried by thQ arming ropes 
and the drum element under the ropes. 
As P» = AV\ P"=A7" ...P = A/ 

and 2T = 2P* + 2P"-f ... + 2P 

or T = A7» + A7"-fA7'" + ... + A/ 
where A^ represents the sectional area of 
the aiming rope, A the sectional arc of the 
drum part, having as width the diameter 
of the rope. 

Assuming constancy of cross sections, 
then this has, as a consequence, equality 
of deflections, that is, 

or, by introducing the values found, 



T=A^E^ 



=AE . 5D 
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D ' AE 
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and the stress of the c.i. drum 

T 



/»« 



*^ AE VDi^D"^ "V 



when armed, and/— -. when not armed. 

it follows that the stress of a drum armed 
with wire ropes is smaller than the stress 
of the drum without arming ropes. 



If the difference of the diameters are 
small, we get 

T 

^"A|r+A^^^- 

1^ AE _! 

which expresses in the symbolic language 
of mathematics, approximately, Mr. Sch- 
weder's statement. 

Should the arming rope be wound up 
with a stress smaller than the stress of the 
hoisting rope, then the effect will be a re- 
duction of the stress /^ /'* ... whereas 
will be greater than/^. It is therefore ad- 
visable to wind the arming rope with as 
small a stress as possible. 

I know too well that the foregoing in- 
vestigation gives a distorted picture of the 
stresses, but I doubt if bv a more exact 
formula much would be gained, as long as 
the behaviour of ropes is not established by 
a great number of experiments, the more 
as it is cheaper to make a stronger drum 
than to arm it, and every repairing job is a 
matter of compromise. 

How many coils can be ' wound round a 
weak drum does not depend on the probable 
stresses or deformations, but on conditions 
over which the engineer has no control. 

SOME INTERESTING llEPAIKS TO 
MACHINERY. 



By Mr. K. Schweder. 



DISCUSSION. 

Mr. R. Price: Mr. Sthwoder's valuable 
communication has raised once more a ques- 
tion of vital importance, more especially to 
those interested in the design and construc- 
tion of drums for winding engines. The 
theory advanced by Mr. Schweder is a 
fascinating one, but the writer fails at pre- 
sent to see that it can be substantiated. 

It seems inconceivable that the arming 
coils can to any appreciable extent sustain 
a compressive load in a circumferential di- 
rection, because the rope cannot be con- 
sidered to have anything like the cohesion 
between its component parts w^hich exists 
between the particles of, for instance, the 
cast iron drum shell beneath it, and that, 
therefore, buckling of the wires will probably 
occur under comparatively small loads. The 
arming coils do, no doubt, in the circum- 
stances, viz., when wound on under very 
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slight tension, sustain some of the circum- 
ferential compressive stress. In the opinion 
of the writer, however, this amount is very 
small, and the greater part of the tensile 
strain in each successive coil is transmitted 
as a simple radial compressive strain to the 
drum shell. 

The writer notes that the rope which was 
used for the arming coils was an old one, 
a possibly favourable circumstance, because 
its modulus of elasticity would probably 
closely approa<?h, if it did not actually ex- 
ceed, that of the drum material. 

This refers, of course, to the modulus of 
elasticity under tensile stress. In the ab- 
sence of any figures relating to the be- 
haviour of wire rope, and its modulus of 
elasticity when subjected to compressive 
stress, the writer prefers to consider the 
question at least an open one. 

Mr. Schweder, for the purpose of rough* 
calculation, assumes that the load S on the 
rope is constant, although he points out 
that this is the case only where tail ropes 
are used. 

In view of the fact, however, that the 
weight of the rope in deep shafts is fre- 
quently equal to, or even greater than, that 
of the suspended load, the writer would be 
indebted to Mr. Schweder if he could fur- 
nish further particulars as to the load car- 
ried by the rope, the depth of the shaft, the 
diameter and width of the drum, the general 
section of the rim and its attachment to 
the arms and flanges, and the weight of the 
rope. 

The question is so complex that it seems 
almost impossible to amve at a general 
formula which shall express clearly the 
effect of coiling successive layers of rope on 
a drum, but by taking specific cases, it 
might be possible to arrive at some tangible 
and valuable results. 

Take the case of a drum winding a rock 
load of 8,000 lb. with a skip weighing 5,000 
lb., a total of 13,000 lb., from a depth of 
4,000 feet. 

Assume a rope made of steel, with an 
ultimate strength of 268,800 lb., and hav- 
ing a static factor of safety of seven. 

The weight of the required rope would be 
about 3*1 lb. per ft., and the total weight 
of the rope suspended 12,400 lb., or nearly 
equal to the external load which it carries. 

In the case of a rope made of 220,000 lb. 
steel with a static factor of safety of seven, 



the weight of the rope would be about 1*4 
times that of the load it carries. In the 
case of the first rope above cited, with a 
drum, say, 10 ft. diam. x 4 ft. wide, the 
number of la^^ers would be nearly four, and 
the decrement of weight per layer about 
3, SOU lb., so that in such a case the cumula- 
tive strain transmitted to the drum, though 
great, would, after all, not amount to any- 
thing like four times the load on -the first 
winding coil. 

Eeturning now to the origin of the repair 
described by Mr. Schweder, it may be con- 
ceded, as has been shown by previous writ- 
ers, that when a rope is coiled round a drum 
under a given strain, that strain is trans- 
mitted to, and appears in the rim of the 
drum, as a compressive strain of the same 
amount, that the diameter of the drum is 
reduced at each point in its width by an 
amount inversely proportional to its cross 
sectional area at that point, and that this 
reduction is, therefore, in normal cases 
greater at the centre, where the cross sec- 
tional area is less, than at the sides, where 
the compressive stress is supported very 
largely by the flanges and rims of the drum. 

Further, that the result is the bending 
inw«rds at the centre of the drum, inducing 
tensile stress in the inner fibres, and that 
transverse ribs cast inside the shell with the 
object of stiffening it only aggravate the 
evil, unless they are made very deep, be- 
cause cracks nearly alwaj's supervene in 
these ribs, and under repeated application 
and removal of the load gradually extend 
into the body of the shell, which will even- 
tually split circumferentia.lly. 

The above remarks are largely quoted 
from the paper on ** Winding Plants for 
Great Depths," by Mr. H. C. Behr, who 
has also shown that ** when drums have to 
be made in sections jointed together by 
flanges, these flanges should be made in the 
form of separate short lugs, the cross section 
of the drum being reduced for some dist- 
ance circumferentially on each side of the 
joint, giving greater flexibility at these 
points, to compensate for the rigidity of the 
lugs, the necessary cross sectional area to 
sustain the compressive stress being obtain- 
ed by thickening up the metal immediately 
under the lugs." 

It would appear to the writer that in the 
case cited by Mr. Schweder, the fracture 
of the flange through the edge into the bolt 
holes automatically produced a structure 
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approximating to that just described, and 
that the cracks would probably not have 
extended any further into the body of the 
siiell. 

In this connection it might be well to 
remember that cylindrical castings, if great 
care be not exercised, frequently cool more 
rapidly outside than inside, and in this way 
very high initial tensile stress may be set 
up in the inner fibres, so that such a drum 
might crack under a load which would be 
safely carried by a casfing which had been 
more unifonnly cooled. 

Mr. J. A. Vaughan (see p. 117, March 
Journal) has referred to the fact '* that 
ropes when well greased will lay up a great 
deal closer than when they have got no 
lubrication." He considers that ** in a case 
like that the tension has run through almost 
to the connecting point." The writer has 
prepared for his own infonnation (and pos- 
sibly it may be new in that form to other 
members) a table and rough diagram 
which show the relation between the 
strains at the loaded and the slack ends of 
a tension element such as a rope wound 
round a drum n times, with varying co- 
efficients of friction /a. 

The table is merely an amplification of 
existing tables relating more especially to 
tension elements, such as belts or ropes on 
pulleys, but in which n is usually taken less 
than unitv, and the co-efficients of friction 
assumed are not so numerous. 

Taking the case of the regulation number 
of three coils, with a co-efficient of friction 
of '10, it will be seen that a load of 6u8 
units at the end of the third coil will induce 
a resistance of 3*51 units at the end of the 
second coil, 1*87 units at the end of the first 
coil, and 1 unit at the point of connection. 
Or. conversely, taking this time the co- 
efficient '15, a force of 1 unit at the point of 
connection will sustain 16*9 units at the 
end of the thurd coil, 28*5 units at the end 
of the sixth coil, and 12,391 units at the 
end of the tenth coil. 

Take again the case of the co- efficient of 
friction *!. A unit force at the point of con- 
nection will support a load of 1*87 units at 
the end of the first coil, whereas if the co- 
efficient were '01, ten coils would be re- 
quired to support the same load, and at the 
end of the third coil T would be only 1*20 t 
This bears out to some extent Mr. Vaughan 's 
statement, but the co-efficient '01 is pro- 



bably far lower than anything that could 
exist between a wire rope and a drum. 

Suppose now that a total load T be sus- 
pended from a drum on which there are, 
say, the three regulation coils of rope. 

Assume /* as before =10. 

Let n = number of coils is one layer, and 
ii> = weight of one coil of rope. 

The tension t at the point of connection 

T 

is^— -o— The tension at the end of the fourth 

O'Oo. 

coil will be (T — w) and at the end of the 

fifth and succeeding coils (T — 2w) T — 

w (n— 3). 

The question arises as to whether the re- 

T 

lation log '^=/jLcn is true only of the first 

three coils, which never leave the drum, or 
whether it also holds good for the whole of 
the coils in the first layer. If so, it would 
mean that the tension at the end of each 
coil is somewhat relieved owing to the 
gradually decreasing tension in each succes- 
sive coil wound on. 

It seems possible that some such action 
may take place in each layer taken by it- 
self, though it does not seem probable that 
any such release could take place as be- 
tween layers, because each successive layer 
must tend to lock the one below it. 

It would appear from the above investi- 
gation that although it may not accurately 
indicate what takes place, still it is incon- 
ceivable that except with a very low co- 
efficient of friction the tension at the point 
of connection, or anywhere near it, can 
never exceed that found by the relation 

T 

logy =ticn. 

In any case, the writer must agree with 
Mr. Vaughan that the tension in each suc- 
cessive layer of coils, whatever its magni- 
tude, is transmitted almost entirely to the 
drum shell, which practically has to bear 
the whole strain. 

SOME INTERESTING REPAIRS TO 
MACHINERY. 



By Mr. K. Sciiwedeu. 

DISCUSSION. 

Mr. E. J. Laschinger : Mr. SchwcMler'- 
remarks on Machinery Repairs are of in 
terest and value. 
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There is onlv one of the cases which he 
mentions that I would touch upon, and that 
is the expedient he adopted in the case of a 
C.I. winding drum. I gather from his des- 
cription that the drum showed signs of 
failure by the cracking of these continuous 
flanges, which made the joint of the halves 
of the drum. These continuous flanges, in 
a cast iron druni especially, are a mistake 
and a source of weakness, as was ably point- 
ed out by Mr. H. C. Behr in his well-known 
paper on " Winding Plants for Great 
Depths." The beam action on such flanges 
induces tremendous tensile stresses, in the 
inner edge of the flange, which develop 
cracks. The continual working caused by 
the winding on and off of the rope, deepens 
and spreads a crack once begun, until the 
whole drum-shell may be split circumfer- 
entiallv. Joints should, therefore, not be 
made with continuous flanges but by lugs 
only to take the necessary bolts, and but 
few bolts are needed. This makes the joint 
elastic. The writer has in mind just such 
a case as quoted by Mr. 8chweder, where 
cracks developed after but a few weeks, 
although the drum-shell itself was over 2 
in. thick,-. The defect was remedied by 
drilling holes through the flanges between 
the bolts, at the line where the flanges 
merged into the body of the shell and cut- 
ting rigiit through the flanges down to the 
holes, thus artificially cracking the flanges 
between the bolts. No further cracks de- 
veloped. 

Incidentally, Mr. Schweder gives a very 
ingenious reason for adopting the course he 
took in remedying the defect in his case, 
by wrapping a dead coil of old rope around 
the drum permanently under a slight strain. 

That the stress induced in the shell of a 
drum is not that due to the sum of th^ 
strains under which each coil of rope is 
wound on, is well known. Mr. Schweder's 
opinion is that every coil of rope covered by 
a succeeding coil adds the area of its solid 
cross-section to the resisting power of the 
drum. I have tested the general tnith of 
this assumption, by taking the case of a 
steel plate drum-shell, which was deformed 
by being used for work much too heavy for 
its design. This drum took eight layers of 
rope. Figuring in the ordinary way, that 
each coil adds a compressive stress propor- 
tionate to the strain under which it was 
wound on, the resultant stress became so 
great that the drum must have collapsed 



entirely; but it did not, it was simply 
strained beyond its elastic limit. Figuring 
out the stress on Mr. Schweder's assump- 
tion, the maximum stress was well within 
the ultimate strength of the material, but 
exceeded the elastic limit considerably. It 
is quite safe to say, therefore, that the 
assumption must be very near the truth. . 

During the discussion on Mr. Schweder 's 
paper I have noticed that several contribu- 
tors have questioned the ability of the inner 
coils of rope to withstand compression. It 
is well known, however, that if a layer of 
rope on the drum of an engine is. not un- 
wound for some time, it shows warts and 
lateral spreading of the wires, which indi- 
cate that the rope has been under severe 
compression. It is the usual practice to un- 
wind such a rope quite frequently, and re- 
wind it again under heavy tension, to pre- 
vent the rope from being ruined. If a rope 
is wound on tight and covered by succeed- 
ing layers, it is certainly safe to assume 
that the rope may maintain a heavy com- 
pression, since it cannot buckle or move out 
of place. 

However, it is not even necessary to 
assume that the rope in the under coils is 
subjected to compression, in order to show- 
that the stress in the drum shell is not a 
sum of the strains under which the rope is 
wound on. If a rope is laid on under a 
certain tension, it is stretched. Now as- 
sume the coil of this 8ti*etched rope wound 
round the drum. As more coils are wound 
on the drum, the drum shell, being also 
elastic, will shrink, the former stretched coil 
of rope will contract also, and the tension 
partly released, depending upon the amount 
of contraction of the drum and the elas- 
ticity of the rope. It is, therefore, evident 
that the real stress in the drum shell is 
dependent to a very great extent upon the 
modulus of elasticity of the rope and the 
elasticity of tlie shell. The writer referred 
to this subject in his contribution to the 
discussion on '* Winding Plants for Great 
Depths. *'• 

The bad feature in remed^'ing the defect, 
according to the method adopted by Mr. 
Schweder, is the danger of cracking off the 
cheeks of the drum, by adding an extra coil 
and increasing the wedging action of succes- 
sives layers of rope. Examples of this kind 



* Transactions of the Institution of Mining and 
MeUllurgy, Vol. XI, 1901-2, p. 277. 



"Wire Ropes for Hoietlng." 



181 



of failure are quite numerous on the Hand. 
As the depths of shafts increase, especially 
in such cases where the winder hoists, in 
one lift from the incline and up the vertical, 
more and more layers of rope are required 
on the drum, and finally the cheeks split 
off. This action of reversing the travel of 
the rope across the drum is severe both on 
the drum and on the rope, and also causes 
bad winding of the rope and nasty jerks. If 
a rope is to be wound on a drum in succes- 
sive layers, the inner sides of the drum 
rianges should be so designed that the re- 
versal is accomplished without shock ; for 
each layer a groove should be cut out of the 
metal of the cheek, which will gradually 
raise the rope up the level of the succeed- 
ing coil, to prevent wedging and also guide 
the rope in the opjx)site direction. This 
may easily be accomplished by attention to 
design. 

Mr. H. H. Johnson: I should like to asJv 
Mr. Laschinger whether he can account for 
the difference which is noticeable between 
round ropes and flat ropes with reference 
to the warts caused by compression. As 
far as my experience goes I have never no- 
ticed any signs of compression on flat ropes, 
although one would expect that they would 
be subjected to greater compression than 
round ropes. On round ropes I have 
noticed, especially on sinking engines, where 
a considerable • amount of rope may be left 
on the drum which never comes off, we 
have had to take ropes off owin^ to the 
warts interfering with the coils above. 

Mr. E. J. liAscHiXGKR: I have never 
had any experience with the running of 
flat ropes, but 1 have always thought that 
one of the causes of failure was this : they 
are generally laid up in reels with open 
sides, and the compression which the lower 
coils have to stand displaces the wires and 
l(X)sen8 up the strands of the rope. You 
will notice that in a flat rope at the lower 
end near the engine, if the rope has had 
much use, the strands are very much opened 
nut, and we know very well that that gives 
access to acid water, which destroys flat 
ropes very rapidly. 

Mr. H. H. Johnson : That would be 
noticeable in the portion of the rope which 
comes off the reel, but in the portion left on 
the reel I do not think vou find the stitch- 
ing broken or the strands opening up in the 
way you describe. 

Mr. A. OsTREiCHER : Any one can make 
experiments for himself with a pencil and 



a piece of narrow paper. If you turn the 
pencil the paper, gets tighter. That explains 
why a flat rope is not so much compressed 
as a round rope. A round rope must be 
cornpressed. If you wind in the first in- 
stance a number of layers round a drum 
without anv tension, and then later another 
with tension, then the whole gets com- 
pressed, there is no help for it, because the 
top layer is extended, and that causes, as I 
have once shown in a contribution of mine, 
that the bottom layer must be compressed. 

The PREsmENT (Mr. E. Farrar) : Mr. 
Laschinger 's method of drilling holes in the 
internal flange of the drum somewhat con- 
firms my own opinion that the crack having 
got as far as the hole, would have stopped 
at the hole, and there might have been no 
further spreading. 

Mr. E. J. Laschinger : We had a prac- 
tical illustration on this point. The flanges 
of the drum shell on a winder cracked; the 
crack spread and entered the drum shell it- 
self, and the whole shell would soon have 
been split into two parts circumferentially. 
This drum was repaired by bolting on steel 
plates and '* I " beams inside the shell, 
bolt heads being countersunk jon the outer 
face of the drum. This drum was described 
by Mr. H. C. Behr* in his reply to discus- 
sion on "Winding Plants for Great Depths." 
Afterwards, on the same mine, another 
drum of another winder began to crack in 
the same way, and this was remedied be- 
fore the cracks had extended into the shell, 
as described in my contribution this even- 
ing. 

The President: Was this cnuk in the 
bolt hole or in the solid flange. 

Mr. E. J. Laschinger: In the flange. 

The President : I think if the crack had 
been at the l)olt hole it would probably have 
stopped there. 

Mr. E. J. Laschinger : Well, that also 
happened, and we thought it would not go 
furtlier than the bolt hole, and it did not. 

SOME INTERESTING REPAIRS TO 

MACHINERY. 



Paper by Mr. K. Schweder (Member). 

REPLY TO discussion. 

In my paper, on '* Some Interesting Re- 
pairs to Machinery, " I expressed the opin- 

♦Tfanijactioiis of the Institution of Mining and 
Metallurgy, Vol. XI., 1901-2, p. 358. 
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ion that it would not lead to much dis- 
cussion, and I was rather pleasantly dis- 
appointed that the reverse took place, any- 
how, with respect to the repaired drum. 

The lively discussion on it, showed clear- 
ly that it was an interesting repair, and 
that the members would really like to come 
to a proper understanding with regard to 
power enacted by more than one layer of 
ropes in a winding drum. 

My final reply need only be brief, mainly 
for the reason that I believe an indisputable 
rule for calculating the strength of a drum- 
shell cannot be brought fomvard, as assump- 
tions have always to be made, and yet, I 
think a simple rule is the best for practical 
use, if it is fairly proved by practical ex- 
amples to be an approximation to final 
correctness. 

Now, I am very pleased that Mr. Ostrei- 
cher, and Mr. Laschinger, are on my side 
in this respect, and that the latter gentle- 
man even supports Ihe simple rule by a 
practical '* trial calculation." 

I also took the precaution, and worked 
out by the stresses and sizes of an old steel 
plate winding, drum whether my formula 
fitted the case, and havmg seen this, I only 
made it public in this, paper before us. 

ilts ifi 4c :Se • :)( He -.x ' 

That the cracks in the flanges of the 
drum happened at all is, of course, due to 
faulty design, but these drums were made 
in 1897, t.c, long before Mr. Behr's excel- 
lent paper on winding plants from great 
depths was read, otherwise, the flanges 
would have been made as Mr. Behr had 
suggested. 

« 

The cracks were, in the present case, 
stopped by the bolt holes. In other cases 
they might, perhaps, be stopped by drilled 
holes, of you can get at the place without 
dismantling the drum, which would mean a 
considerable stoppage of the work, and then 
you must be sure to drill at the very end 
of the crack. 

A strengthening of the drum shell itself 
is, in any case, more satisfactory. The re- 
paired drum has now worked for 2^ years 
altogether, hoisting not less than about 
3,500 manskip, and 4,000 oreskip every 
month, from a vertical depth of about 1,700 
feet. 

Noteworthy arc Mr. Laschinger *8 remarks 
in respect to the danger of breaking the 
flanges if too many layers of rope are put 



on the drum. If the latter, however, is of 
a fair width, so that the deviation from the 
headgear pulley tends to pull the rope off 
from the flanges, then the danger seems to 
me to be somewhat smaller. 

I hope other members of this Association 
will bring forward examples of repairs of 
similar natiire. 

'' SOME NOTES ON AN ELECTRICAL 
APPARATUS FOR ASCERTAININCf 
THE CROSS-SECTIONAL AREA OF 
WIRE ROPES." 



Paper by C. McCann 



In introducing to your notice this even- 
ing a new method of ascertaining the cross- 
sectional area of a wire rope, I do not in- 
tend to take up a lot of your time in the 
discussion of technical detail*?, but to briefly 
outline the principles of this invention. 

This invention was suggested by a recent 
regrettable accident occasioned by the 
breakage of a hauling rope on a local mine, 
when a popular member of this Institute 
vr^& before the court. On the evidence then 
given all experts agreed as to the impossi- 
bility of ascertaining 'the cross-sectional 
area of a rope without measuring the size 
of each wire separately. It occurred to the 
then public prosecutor that it ought to be 
possible to do something electrically. 

A mutual friend introduced me to him 
and the following is the result. 

Alternating or interrupted current is 
taken from any convenient source, as at A, 
passing through the ordinary switches, 
etc., at B; it is taken to a transformer. 
C; the low tension secondary cuiTent is 
then applied to the coil D, one lead pass- 
ing through an instrument, E, which is 
some form of ammeter, and may, of course, 
be of any size, and recording, if required. 
The coil is designe<l to open up, to enable 
it to be applied to a rope without the 
trouble of threading the rope through it. 
On each end of the coil proper are bell 
mouths; those are simply to guide the rope 
into the coil. The coil is also enclosed in 
a laminated iron circuit to concentrate the 
magnetic field within it. 

When current is applied to the cofl and 
there is no rope inside, the self-induction is 
low and the current consequently large. 
On introducing a rope, the self-induction is 
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increased and the current falls exactly in 
proportion to size of the rope so introduced. 
For instance, with this particular coil a 1^ 
in. rope will bring the current down from 
220 amps, to 120 amps., and for every 1 
per cent, taken from the mass of this rope 
the current will go up 1 ampere. 

In using this coil on a mine, I think the 
most convenient way would be to suspend 
it at the collar of the shaft by four springs, 
then calibrate the instrument by a standard 
piece of rope. Having done this, the coil 
would then be placed round the hauling 
rope and the rope slowly passed through it, 
the person in charge of tlie test wat<?hing 
the instrument. 



/ 




An immediate departure from the point 
shown by the test piece will take place, duo 
to elongation; even if there be no wear or 
corrosion, this second point would indicate 
the full size rope under strain, and any bad 
places will be found by the insti-ument 
varying from that point to a greater or less 
extent and .showing the actual decrease in 
•<?ross-sectional area on the portion of the 
rope at that moment on the coil. 

The principles involved are so well under- 
stood tliat any further explanation on my 
part would, I think, be superfluous. 

I have a coil here which I hope you will 
inspect at the close of this meeting, and I 
hope at an early date to be able to show 
coil at work on a hauHng rope on a mine. 

The President (Mr. H. H. Johnson) : 
^fr. McCann's invention is so very simple, 



that there is no necessity for a very lengthy 
paper on it. I think I might safely say 
that it is an appliance which should be 
brought before the Commission, which is 
still sitting, on ropes and adjustnaents, and 
if they can recommend its adoption by the 
industry, I am sure we shall be saved a 
good deal of worry in the future. 

Mr. W. Docharty: I should like to ask 
Mr. McCann, if, in the event of one or 
more of the wires in a rope being broken 
internally, and the ends being still 
adjacent, would the instmment show there 
was a break there? 

Mr. C. McCann: It could be made to do 
so. 

^Ir. W. Martin Epton : It might interest 
the meeting if I tell the members that I 
saw experiments with Mr. McCann's in- 
strument about six weeks ago. On that 
occasion 100 loose wires were inserted into 
the machine, and were withdrawn one at a 
time, when the difference was clearly regis- 
tered on the ammetre. Of course, the 
most dangerous part of a worn rope is not 
where the wires are worn on the outside, 
because there they are easily seen, but 
rather in the centre of the rope when cor- 
rosion has taken place, and I think this 
instrument should be able to detect dan- 
gerous corrosion, for if the ammetre should 
register a reduction in the sectional area, 
and this is not accounted for by outside 
wear, then the rope should be opened up. 
I think I am safe in saying, that the Hope 
and Safety Catch Commission intend hav- 
ing a trial of this instrument made at one 
of ''the adjacent mines, when careful record 
will be kept of the readings of the instru- 
ment, and the corresponding wear on the 
rope. 

With reference to Mr. Docharty 's ques- 
tion, if the broken wires remain close to- 
gether the instrument will not show the 
break, but if they are apart, which is 
usually the case, then they will show it. 

Mr. Kenneth Austin : May I ask if a 
corroded rope has actually been tested with 
this machine, and if so, with what result? 

Mr. C. McCann : I have tested a i-ope 
which has been artificially corroded, and it 
measured the loss in metal accurately. 

Mr. H. C. Behr: I should like to ask 
]\rr. McCann whether he has made any in- 
vestigations as to the time it would take 
to make an examination of the whole length 
of the rope? Is the process continuous, or 
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do you stop for the purpose of making ob- 
servations ? 

Mr. G. McCann : You can make the coil 
part and parcel of the headgear. It can be 
pu'j near the headgear sheave, and you can 
have a continuous record all through. The 
lettens patent cover not only this funda- 
mental coil, but a device for continuously 
recording every trip and every variation in 
the rope, together with all signals given. 

Thk President : With reference to the 
question Mr. Docharty. raised about broken 
wires, I take it that there are few w^res 
broken in ropes which are not broken on 
the outside and therefore visible, which the 
ordinary inspection will show us, and. if 
this instrument will show us actual loss of 
metal through wear and corrosion that is 
all we practically want. 

Mr. A. Mayhew : I may say there are 
hardly any internal wires in ropes that are 
broken except through corrosion. 

The President: Has Mr. Mayhew 
known of instances of wires breaking in a 
rope which are not visible? 

Mr. A. M^VHEW : There are no wires 
broken inside a rope which are visible to 
anj^body. 

The President : What I mean is, in your 
experience have you come across any in- 
stances where wires which were not Core 
wires, broke inside the rope? 

Mr. A. Mayhew : Inside wires are the 
core wires. 

The President : Do vou know of 
instances where the wires broke in the 
strands on the inside of the rope, where 
there is no actual wear from external con- 
tact? 

Mr. A. Mayhew : I think not. You are 
asking if wires would break internally when 
there was no wear externallv. I have never 
heard of a case like that. Core wires have 
broken on many occasions, but in my ex- 
perience it has been through corrosion 
simply. 

!Mr. W. Martin Epton : In some con- 
structions of ropes some wires never come 
to the surface at all. 

Mr. A. Mayhew : But these are internal 
wires. 

Mr. F. Gill: I hove never known the 
outside strands to go first. If there is cor- 
rosion at all, it is absolutelv internal. Wire 
ropes are things that you want to go over 



very carefully, but you never find corrosion 
on the outside strands. If there is a good 
engineer on the mine' he stops that right 
away. 

The President : Let nu tak.' a concrete 
example of an ordinary 6 strand 7 wire con- 
struction. There you may have internal 
corrosion. With that construction, if indi- 
vidual wires break, would they not break 
so that they could be seen from an ordinary 
external examination of the rope? 

Mr. A. Mayhew : 1 certainly agree with 
you. I am .orry I have to disagree with 
Mr. Gill. I have had particular instances 
on these fields where wires have corroded 
to an extraordinary degree externally, but 
every engineer can easily see that external 
corrosion. If a rope corrodes externally, 
the wires certainly break eventually, but 
the engineer can see long before ^these wires 
break that they are going to break. With 
the friction over pulleys on what are com- 
monly called turned shafts, it is very diffi- 
cult for the engineer to see from one day 
to another whether the wires will break, 
but if he finds three or four wires broken 
near together he had better take the rope 
ofif. 

jMr. W. Docharty : In f ui-tlierance of what 
Mr. Mayhew says, there are some ropes in 
which the wires never do come to the sur- 
face, as in compound construction of ropes. 
We had a remarkable experience some time 
ago with a rope, where several hundred 
wires were broken. When opening up the 
rope we found that the broken ends were 
practically in contact. They had not come 
apart at all. Will that instrument show a 
break of this description? 

Mr. C. McCann : This particular coil 
would not show if the wires were in con- 
tact. If the wires were tapered out towards 
the break it would. 

!Mr. W. Docharty : I do not know that 
wear is the thing that we have most to be 
afraid of. 

Mr. C. McCann: This coil will show 
losses of metal no matter how these are 
caused. If that broken wire has suffered 
any reduction in metal whatever, this par- 
ticular coil will show it. 

Mr. A. Mayhew: Mav I ask Mr. 
Dochai-ty if he is quite sure these wires 
were touching in the core of the rope when 
he examined it? Be>cause in all my experi- 
ence I have never found internal broken 
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wires touching when they have been 
actually uncoiled from the rope. 

Mr. W. DocriARTY : In any case, we have 
frequently found wires that were cracked, 
but not broken right through. We have 
ii:ot to put in a sharp- pointed instrument to 
])ick the wire up, and after picking it up we 
found it had been worn halfway through. 

Mr. J. A. Mills : I think it would be a 
very good machine to have on these Whit- 
ing hoists. I would like to ask Mr. 
Doeharty if he found these broken wires in 
a Whiting hoist? 

Mr. W. DociiARTY (in reply to Mr. Mills) : 
I (lid not find them in a. Whiting hoist, but 
ill the rope attached to it. 

The Presidext : I think we might pass 
a very hearty vote of thanks to Mr. 
AfcCann for bringing this invention before 
lis this evening. Mr. McCann has a model 
here, and it will be open for the inspection 
of members after the meeting. 

'' SOME NOTES ON AN ELECTRICAL 
APPARATUS FOR ASCERTAINING 
THE CROSS-SECTIONAL AREA OF 
WIRE ROPES.'' 
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Paper by Mr. C. McCann. 



CONTIXTED DISCUSSION. 

TiiK Chairman (Mr. W. Martin Epton) : 
I think it is Mr. McCann's intention to have 
one of these instruments erected on one of 
the mines. 

Mr. C. McCann: Yes. I think I will be 
able to get it done next week. 

Mr. Kenneth Austin : Are we to assuuie 
from that reply that no attempts have yet 
been made to test any old ropes that are 
known to be actually reduced in sectional 
area? 

Mr. C. McCann : A test has been made 
of a ])iece of old rope that has been dis- 
f*arded, but it has never been tested on the 
mines. 

The Chairman : I suppose that after you 
have had it running at the Robinson Deep 
you would like the members of the Society 
to see it? 

Mr. C. McCann : Yes. 



SOME NOTES ON AN ELECTRICAL 
APPARATUS FOR ASCERTAINING 
THE CROSS-SECTIONAL AREA OF 
WIRE ROPES." 



Paper by Mr. C. ^IcCanx. 

coxtixued discussiox. 
Mr. J. H. Hughes: In Mr. McCann's 
paper, entitled *' Some Notes on an Elec- 
trical Apparatus for Ascertaining the Cross- 
Sectional Area of Wire Ropes," we find the 
following statement: ** On introducing the 
rope, the self-induction is increased, and 
the current falls exactly in proportion to 
size of the rope so introduced." Without 
any technical reasoning *in the paper, it is 
difficult to understand how Mr. McCann 
arrives at that result. As the self-induction 
is dependent upon the magnetic properties 
of the steel wire in the core of the solenoid, 
these latter need only be examined. 

Firstly, we have the magnetic permea- 
bility curve of hard drawn steel wire a? 
given by S. P. Thomson in his book, 
** Dynamo Electric Machinery," formed by 
plotting the magnetising forces appUed as 
labscissse; and the corresponding magnetic 
induction in lines per square centimetre as 
ordinates. The result obtained is not a 
straight but a curved line, consequently any 
reduction in the size of the wire rope does 
not mean a correspondingly reduced read- 
ing upon the ammeter. 

Secondly, on p. 84, 7th edition, of S. P. 
Thomson's *' Dynamo Electric Machinery," 
we find the following statement: " The 
permeability curves differ in detail even in 
different specimens of the same kind of 
iron"; thus, on account of differences in 
composition, a wire rope of e'xactly the 
same sectional area at different parts may 
give two different readings upon the 
ammeter. 

Thirdly, according to Prof. Ewing, in his 
3rd edition of ** Magnetic Induction in Iron 
and other Metals," p. 212, w^e find the fol- 
lowing: " Hardened steel, being stretched, 
differs in magnetism from its piece un- 
stretched — i.e., the presence of a small 
amount of pulling increases the suscepti- 
bility to magnetisation, the presence of a 
fairly large amount of pulling load reduces 
the susceptibility. 

Thus, as the load on a hauling rope is 
continually changing w^hen travelling up or 
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down a shaft, its susceptibility to magne- 
tisation is also changing, and consequently 
the readings upon the ammeter are also 
changed proportionately. This effect is 
quite considerable, as is seen on examining 
the curves in Prof. E wing's book. 

Fourthly, the wire rope would have to be 
passed through the solenoid at a perfectly 
constant rate to obtain true readings, which 
is practically impossible to obtain under 
ordinary working conditions. This is neces- 
sarily due to the fact that the permanent 
magnetism in a steel rope gradually in 
creases the longer the rope remains in the 
solenoid. As we are dealing with very 
8mall periods of time, represented by the 
time between each reversal of magnetism, 
any change in the rate at which the wire is 
being passed through the solenoid will effect 
the magnetic properties of the steel wire, 
and consequently the readings on the 
ammeter. 

In conclusion, Mr. McCann's invention, 
to be of any practical value, has to register 
very small decreases in the area of a wire 
rope such as those caused by corrosion or 
broken internal wires which have not come 
apart, and, as there are so many factors 
tending to give incorrect readings upon the 
ammeter, it is impossible, as Mr. McCann 
states, that ** the self-induction is increased 
and the current falls exactly in proportion 
to size of the rope so introduced." 

Mr. E. Gofkk: As a point of interest in 
connection with that apparatus of Mr. 
McCann 's, I should like to mention that I 
recently saw a reference to a machine now 
in use at the Calcutta branch of the Royal 
Mint which from the description of its 
working appears to bo a machine similar in 
principle to ^Ir. McCann 's, and the use of 
tliat machine is to test the amount of the 
<r()ld in coin passed through it. This 
machine appears to be superseding the deli- 
cate balances formerly used. T have not 
l)eeii able to get a full description of the 
macliine, but from the short allusion in the 
Eoyal Mint's report it appears to be simi- 
lar. It appears to me that if that machine 
is able to make such a delicate test as this, 
it is quite reasonable to expect that Mr. 
McCann \s machine will accurately gauge 
the difference in thickness of a wire rope 
passed tlirouj2;h it. 

Mr. W. Martin Epton : I have seen Mr. 
McCann *s instrument with 100 individual 



wires put into it. If one is drawn out there 
is unquestionably a marked difEerence in the 
reading of the ammeter, and apparently 
when you take a second one out there is as 
much more difference, and so on, 

Mr. J. A. YAronAN: I think Mr. McCann 
is only too anxious to have a trial in a shaft, 
and we had arranged to do this when the 
instrument got broken. At the very earliest 
possible date which Mr. McCann can fix 
there will be a working test. I think there 
is a great deal in what Mr. Hughes says, 
more especially with regard to the speed of 
moving. 

From the Journal of the Transvaal InsH- 
iute of Mechanical Engineers, 

Vol. r, No. 11. VJOi. 

A FEW NOTES ON RESULTS OF 
TESTS OF WORN ROPES. 



Paper by Mr. W. Mautin Epton. 



Mr. W. Martin Epton: I would like to 
preface my remarks by saying that this is 
not by any means a paper. These figures 
are the results of tests made in the Mines 
Department Mechanical Laboratory, and 
on going through them the other day I 
thought they might be of use to the resi- 
dent engineers of the Rand. They are the 
results of 90 completed tests of worn ropes. 
The question has often been asked whether 
a worn rope its as strong as the aggregate of 
its wires. I simply had intended to put 
the figures in the Journal^ and to let them 
go at that, but the Secretary asked me to 
put it in the form of a short paper, so I 
hope you will not expect anything very 
elaborate. 

WIRE ROPE CAPPING. 

As a great deal has been written about 
the capping of ropes, especially in Great 
Britain, it may be of interest to the mem- 
bers to know what has been done in this 
direction in the Transvaal. The following 
are the results of experiments made by the 
author in the Mines Department Mechani- 
cal Laboratory during the past six or eight 
months : — 
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It will be seen that in very few instances 
is the capping as strong as the rope. 

It may be mentioned that, with three 
exceptions, Nos. 613, 719 and 720, the ex- 
periments were conducted on capping 
actually in use on mines in the TransvaaJ. 

In test No. 613, socket No. 604 was used, 
the rope being held in it by exactly the 
same method as is employed in the labora- 
tory for testing ropes — i.e., the wires were 
cleaned, turned, and a seal of white metal 
then run round them. 

In experiments Nos. 719 and 720 the 
splice and clamps were specially prepared 
for test by one of the mines in order to de- 
termine the efficiency of the two methods 
of attachment; a piece of the same rope 
was used in each case, and the results : 
showed very httle difference between the 
two methods. The clamps used were those 
known as the '* Crosby " pattern, which 
allow of a wide bearing on the rope ; clamps 
which only bear on points have a great ten- 
dency to do damage. 

It was found from these experiments 
that the ordinary socket was liable to have 
a very low efficiency owing to the metal not 
having been properly run in, thus allowing 
all the stress to come on to the large end 
of the cone, where the wires are turned 
over, thus causing them to break. In two 
of the socket tests, which gave a high per- 
centage of efficiency (Nos. 604 and 672), 
the good results were due to the fact that 
the rope was considerably worn outside, 
and not inside the socket. 

It will be noticed from the experiments 
that the percentage of efficiency varies from 
71*34 per cent, to 100 per cent., this dif- 
ference, I believe, being entirely due to the 
skill with which the work is done, and for 
this reason it is not desirable to use a me- 
thod of attachment which is dependent 
upon the skill of the workmen, and of 
which there are no means of ascertaining 
the efficiency without testing it in a 
machine. 

As it is impossible to inspect the interior 
of a socket after the rope is once run in, 
either before the rope is used or during its 
working life, the clamp and splice are both 
preferable to the socket attachment for the | 



reason that they are easily inspected; if, 
however, it is impossible to use either of 
the latter attachments, and the socket must 
be used on account of its short length, then 
the best method is to first tin the wires 
without turning them back, and then make 
the white metal cone, which cone I have 
never known to fail, although used in con- 
siderablv over 2,000 tests which have been 
made in the Government Laboratory. 

The following figures are taken from com- 
plete tests of worn winding ropes made in 
the Mines Department Mechanical Labora- 
tory ; the results of a few of the tests were 
made public in the paper read by Mr. 
Vaughan and myself on ** Wire Kopes Used 
for Winding, their Strength, and Some 
Causes of its Reduction "; but of the re- 
mainder by far the greater number have 
been made since the paper was read. 

It will be noticed that of the 90 tests, in 
49 instances the whole rope breaks lower 
than tlie aggregate of its wires, while in 33 
cases it breaks higher, and 8 cases give 
almost the same results in each test. There 
appears to be a very large range of differ- 
ence when the whole rope breaks higher 
than the aggregate of its wires, as also 
when it breaks lower; on the higher side 
the difference ranges between 20 per cent, 
to 2*7 per cent., and on the lower side from 
29 per cent, to 2*1 per cent. It is interest- 
ing to note that the 6/1 construction of 
rope has a greater tendency, when worn, to 
break higher than the aggregate of its wires 
than any other construction ; the majority 
of ropes, however, break lower than the 
aggregate of the wires, which confirms 
what was said in the previous paper, viz.. 
that although it may happen in some cases 
there is considerable lateral support, yet 
this cannot be rehed upon, and should not 
enter into any calculations that may be 
made as to the strength of the rojxj from 
the amount of wear on the w^res. 

These figures are put forward in the hope 
that they may, in some measure, help the 
resident engineers on the mines to deter- 
mine the strength of a worn rope. 



Xumbcr of canes in which the hrcah'nuj 
load of ihe rope as calculated from thr 
aggregate of its ivircs, tested in their viont 
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worn parts, is greater tJuni the actual Brcik 
in (J load of the rope: — 
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In eij^ht cases, not included above, the 
difference was less than one ton of 2,000 lb. 



Number of cases in which the hreahing 
load of the rope as calculated from the 
aggregate of its wires, tested in their 
most worn paris, is less than the actual 
Breaking load of the rope: — 
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The President: We are all very much 
indebted to Mr. Epton for the very interest- 
ing notes which he has laid before us this 
evening. I should like to ask Mr. Epton 
how many wires he tests to arrive at the 
aggregate when he is making comparisons 
of tests of single wires, and the aggregate 
of the whole rope. How does he account 
for such a large difference between tests 1 
and 2 which he mentions in the first two 
examples of the sockets? It seems to me 
to he a larger difference than one can 
account for by ordinary workmanship, and 



I should like to know whether he has any 
explanation to offer. 

Mr. W. Martin Epton : The explanation 
is simple. If you look at that capping you 
will see that the metal has never been run 
into the interstices between the wires. To 
ascertain the aggregate of th(5 wires, usually 
two strands arc taken, and the wires are 
tested at the most worn places. The whole 
rope is cut in two, one part being tested 
as a whole rope, the other part being tested 
for the strength of the aggregate pf its 
wircK. I may say that this capping, which 
I did some considerable time ago, had an 
efficiency of only 50 per cent. ; probably 
Mr. Johnson knows where it came from. 

Mr. K. B. Greer: I have listened to this 
paper with a great deal of interest, because 
when I was at Home last I found it was a 
subject which was engaging the attention 
of l)oth rope users and rope makers, and 
they found, as Mr. Epton did, that the 
cone-shaped attachment gave the best re- 
sults. I should like to ask Mr. Epton if he 
could tell us the best com}>osition to riin in 
to produce that result. A number of ex- 
periments have been made at Home to 
obtain a material that would go into the 
small end of the cone, and yet be hard 
enough to avoid risk of its loosening by sof- 
tening when the strain came on. They 
have found that the cone-shaped attach- 
ment produces far better results than either 
splicing or clamping. 

Mr. W. Martin Epton : I may state that 
I have used three or four different kinds of 
metal, and that I buy mine in the local 
market. I buy the cheapest, provided it 
has a low melting point. I have tested it 
three or four times for melting tempera- 
ture, and find it the best. 

The President : I think Mr. Epton might 
give us the name. It would be valuable 
information. 

Mr. \V. Martin Epton : It is ordinai-j 
magnolia metal. I have tried two or three 
{kinds of magnolia, and they all hold per- 
fectly well. But pure magnolia has the 
lowest melting point. 

Mr. E. J. Laschinger: In connection 
with this paper, most of you may have seen 
in a recent number of Engineering an 
account of the failure of the stay wires of 
a Marconi antennae tower. This tower was 
400 ft. high, and built up in sections. In 
a gale one of the socket fastenings failed. 
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and as soon as that happened the whole 
tower came down. The socket was a 
tapered one, run in with metal, and investi- 
gation showed that the failure was due to 
the metal not having been run in properly. 
Similar sockets in other places held very 
well. Attention was drawn to the fact that 
these sockets were very good, and gave 
good results if they were properly made. 
The metal used for pouring into the sockets 
was zinc, ^nd although that has not a low 
melting point, it seemed to do very well. 
One of the dangers of a high melting point 
is that it mav alter the structure of the 
wires. 

I am very sorry that the discussion on 
this paper is to be closed this evening, be- 
cause it is impossible for one to both look 
through the drawings in a few minutes and 
listen to the reading of that paper and pre- 
tend to grasp anything more than just a few 
/points. I do not see why we should be 
bound by hard and fast regulations with 
regard to short papers, and miss the chance 
of a valuable discussion, and, if in order, 
I move that this paper remain open for dis- 
cussion at future meetings. 

The President (Mr. H. H. Johnson): 
Mr. Laschinger is quite in order to move 
that the discussion remain open. That has 
been our practice in the past. 

Mr. W. Martin Epton : When I first 
began to make these cones I was afraid of 
the temperature of the metal, and used a 
composition with bismuth in it. I sent 
Home for it, and paid 6s. or 8s. per pound. 
But as this price was excessive I tried other 
metals. 

Mr. J. F. Cook : I should like to ask Mr. 
Epton if he could give us a little more in- 
formation about these ropes. If we had the 
breaking stress of the rope when it was 
new, and the size, it might give us some 
idea of the deterioration and the reason for 
the great variation in the loss of strength. 
Could he also give the calculated strength 
of the wires? I suppose Mr. Epton has 
these figures, and if they were given as well 
the information might be more valuable. 

Mr. W. Martin Epton : I can do that at 
the next meeting, leaving the manufac- 
turer's name out. I am afraid I could not 
give what the rope would break at origin- 
ally. I could only give what the makers Bay 
it would break at. 

Mr. W. Thomas: Mr. Epton is to be 
thanked for placing these figures before us, 



but I am sorry that he has not introduced 
more matter of a controversial nature in 
connection with his remarks. 

I agree with Mr. Cook that to make the 
figures more valuable they should be ac- 
companied by further information. 

A very frequent cause of the reduction in 
strength of ropes working on these fields 
is internal corrosion, and it occurs to me 
that in many of' the cases cited, where the 
actual breaking stress of the worn rope is 
less than the aggregate strength* of the 
wires, this result mav be due to corrosion. 

Another reason for so many ropes break- 
ing at a lower stress than that of the ag- 
gregate of the wires may be found in the 
amount of lubrication contained in the 
centime core of the ropes. When ropee are 
laid up in such a way that the internal core 
can be kept lubricated by the external ap- 
plication of grease or oil, the gripping of the 
wires against the core is prevented. When, 
after a short period of work, the core of the 
rope becomes dry, the wires are held in posi- 
tion more readily, and assuming an equal 
amount of wear on the wires, the rope with 
the dry core should have a greater breaking 
stress than the rope with a well lubricated 
core. In cases where wires have broken, 
whether due to brazes or other causes, I 
have only noted two instances in which 
either end has been pushed back, so that 
the lay of the wire isi affected in the strand 
on either side of the break. This appears 
to me to prove that there is a considerable 
gripping of the wires against the core in 
nearly every instance. 

In Messrs. Vaughan and Epton *8 paper, 
" Wire Ropes used for Winding, their 
Strength and Some Causes of its Reduc- 
tion,'* they show results of some tests of 
new compound construction ropes in which 
the amount deducted from the aggregate 
strength of the wires is as high as 17 per 
cent., whereas with a properly laid up rope 
in this construction, the amount to be de- 
ducted for spinning should not be greater 
than fO per cent. Should the results tabu- 
lated include any ropes with such a high 
initial factor to be deducted for spinning, 
this fact should be mentioned, as it has an 
important bearing on the subject. It is 
not necessary for Mr. Epton to give the 
name of the makers in each case, but in 
cases where a rope has broken lower than 
the aggregate strength of the wires, I 
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should like Mr. Epton to state approxim- 
ately the factor which he has found neces- 
sary to deduct from the aggregate strength 
of the wires in new ropes manufactured by 
the same firm. 

In a new rope, a certain percentage must 
always be allowed for spinning, and, in 
cjases where a rope is but sHghtly reduced in 
breaking* strengtli trom the original, the 
spinning factor may account for the actual 
breaking strength being less than the ag- 
gregate of the wires. 

I am of opinion that, if a rope is not cor- 
roded, and there are no special governing 
conditions, after a certain amount of wear 
the gripping of the wires between the 
strands and against the internal core will 
always cause the breaking strength of the 
rope to be higher than* the aggregate 
strength of the wires. 

Mr. \V. Martin Eptox : It will be noticed 
that it is usually the 6 round 1 construc- 
tion that breaks with a higher load than 
the aggregate of its wires; the point I wish 
to make is that although it sometimes hap- 
pens that a rope will break higher than the 
aggregate of its wires, yet it is unsafe te 
calculate on this when assessing the strength 
of a worn rope. 

Mr. W. Thomas : I should hke to ask Mr. 
Epton, as a rope expert, whether he can- 
not usually tell, from the general appear- 
ance of the ropes, which will break- higher, 
and which lower. I think, that in at least 
75 per cent .of the cases, a higher or lower 
result can be predicted by an examination 
of the ropes. 

'Sir. W. C. DociiARTY : There is one point 
that occurs to me in connection with the 
capping of the rope. I wonder whether Mr. 
Epton has noticed when testing these ropes 
that, if the thimbles are made of some 
other metal than that of which the rope is 
constructed, it is possible that the galvanic 
action may have a detrimental effect on the 
rope at that end. It also occurs to me that, 
when the metal is run into these eyes, 
water getting into the socket may have a 
detrimental effect. I believe there is quite 
a prejudice against these sockets, and the 
question is whether the very sharp bending 
action of the rope at the top of the cone 
is not the reason why people object to 
them. Personally, I prefer the sphced rope 
ix)und the eye, for the reason that one can 
always examine it properly, and I believe 



that, when the splice is properly put in, 
it is a more satisfactery method. 

Mr. W. Martin Epton : With regard to 
the brass thimbles, I have only had three 
or four of them through my hands, and I 
have not noticed them particiJarly. As to 
water getting into a socket into which metal 
has been run, I do not see how the water 
can possibly get inside. The metal is part 
of the steel, and there is no room for the 
water to get in between it and the rope. 
With regard to the socket, Mr. Docharty 
is perfectly right. In working with a cage 
and chairs it will have a very detrimental 
effect. I am not advocating sockets, but 
there are cases where one cannot use any- 
thing but a socket, and in these circum- 
stances I think the best socket to use is 
the one that is nm in solid. 

Mr. \\\ C. Docharty : W' ith reference to 
the. tinning of the wires, I am afraid that 
very few mines would go to that trouble. 
In a great many cases the rope is changed 
in a hurry, and that probably explains the 
condition of the two samples brought here. 
The metal had not gone through to the 
small part of the cone, thus causing the 
water to get in. 

Mr. W. Martin Epton : That is not the 
socket I am advocating at all. It is the 
tinned socket tliat should be used. I would 
undertake to run one in in less than an 
hour if I had the material at hand. I may 
say that one of the mine managers within 
the last week ran a socket in that way, and 
I have been talking to-night to a gentleman 
who has seen it, and he said it appeared to 
be a very good job. 

Mr. W. Thomas : With reference to the 
socket Mr. Epton has just referred to, I 
had an opportunity of inspecting it a few 
days ago. This socket was put on a rope 
working in a sinking shaft in order to 
short-en the connection between the rope 
and bucket as much as possible. It re- 
placed the ordinary splice which had been 
in use previously. The method appears to 
me to make the best connection I have 
seen for this class of work, and the only 
possible danger will be due to the fact that, 
when the bucket is detached, the bending 
at the top of the connection may cause the 
wires to break at this point. Before a 
break occurs, however, the amount of wear 
can be readily detected in the daily inspec- 
tion, and the rope can be re-socketed with 
verv little trouble. 
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Mr. Kenneth Austin : In connection 
with the tinning of the wires, to what clean- 
ing process are they subjected? 

Mr. W. Martin Epton : The method in 
use is first to mix a bucketful of caustic 
soda and water. The boy then takes an 
ordinary brush, and after immersing the 
rope end in a bucket of clean hot water, 
brushes the grease off. It is then dipped 
into hydrochloric acid, which is washed off 
again, and then put into oi'dinary spirits of 
^alts, after which it is dipped into molten 
soft solder. I may say that the whole of 
the work is done by natives, and the time 
taken does not exceed an hour. 

TESTS OF CAPPINGS. 

The following results accompany Mr. W. 
Martin Epton's paper, " A Few Notes on 
Results of Tests of Worn Kopes " printed in 
the June Number of the Journal: — 

No. 548. — Test of Rope in Socket: — 

Test of Whole Rope. 

(.Construction, Lang's Lay. 

Diameter, 1.115 in. 

Circumference, 3.5 in. 

Number of strands, 6. 

Number of wires per strand, 7/5/1. 

Diameter of wire, .116 in, .064 in. (unworn). 

Class of main core, hemp. 

(/lass of strand core, soft wire. 

B.L. of rope, 150,000 lbs. 

Test of Rope in Socket. 

Rope broke in socket at 107,010 lbs. 
Efficiency of connection, 71.34 per cent. 

See Diagram No. 548. 
Condition of rope — Very slightly worn. 
No. 549. — Test of Rope in Socket: — 

Test of Whole Rope. 

Construction, Lang's Lay. 

Diameter, 1.115 in. 

(Circumference, 3.5 in. 

Number of strands, 6. 

Number of wires per strand 7/5/1. 

Diameter of wire, .113 in.. .057 in., .040 

(unworn). 
Class of main core, hemp. 
Class of strand core, wire. 
B.L. of rope, 111,900 lbs. 

Test of Rope in Socket. 

3 strands broke at 110,5(X) lbs. clear of 

socket. 
p]fficiency of connection, 100 per cent. 
He? diagram No. 549. 



No. 604.— Test of Rope in Socket :— 

Test of Whole Rope. 

(Construction, Lang's Lay. 

Diameter, 0.947 in. 

Circumference, 2.975 in. 

Number of strands, 6. 

Number of wires per strand, 6/1. 

Diameter of wire, .125 in. (unworn). 

Class of ma.in core, hemp. 

Class of strand core, wire. 

B.L. of rope, 73,965 lbs. 

Test of Rope in Socket. 

Rope pulled out of socket at 72,900 lbs. In 
this test, rope was taken through soc- 
ket, severed about 1 foot from end, 
and strands opened out and wires cut* 
to various lengths and bent over be- 
fore met-al was run in. This connec- 
tion had been in use for some time. 
Efficiency of connection 98.56 per cent. 
See Diagram No. 604. 
Condition of rope : Considerably worn. 

Approximate size of worn wires, .078 in. 

No. 680.— Test of iiope in Socket: — 

Test of Whole Rope. 

Construction, Lang's Lay. 
Diameter, 1.106 in. 
Circumference, 3.475 in. 
Number of strands, 6. 
Number of wires per strand, 6/1. 
Diameter of wire, .125 in. (unworn). 
Class of main core, hemp. 
Class of strand core, soft wire. 
B.L. of rope, 99,600 lbs. 

Test of Rope in Socket. 

Rope commenced to draw out immediately 
load was applied, and eventually pulled 
completely out at 73,(X)0 lbs. Efficiency 
of connection 73.29 per cent. See 
Diagram No. 680. 

Condition of rope : No wear. 

No. 684. Test of Rope in Socket: — 

Test of Whole Rope. 

I Construction, Lang's Lay. 
Diameter, 1.09 in. 
Circumference, 3.425 in. 
Number of strands. 6. 
Number of wires per strand, 6/1. 
Diameter of wire, .124 in. (unworn). 
Class of main core, hemp. 
Class of strand core, soft wire. 
B.L. of rope, 94,200 lbs. 
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Test of Hope in Socket. 

Rope pulled out of socket at 67,000 lbs. 
Rope was drawn through socket and 
wires bent over end of same. 
Efficiency of connection, 71.12 per cent. 
See Diagram No. 604. 

Condition of rope : Very slightly worn. 
Approximate size of worn wires, .117 in. 

No. 572. — Test of Rope in Socket: — 

Test of Whole Rope. 

Construction, Lang's Lay. 
Diameter, 0.967 in. 
Circumference, 3.0375 in. 
Number of strands, 6. 
Number of wires per strand, 6/1. 
Diameter of wire : .108 in. (unworn). 
Class of main core, hemp. 
Class of strand core, hard wire. 
B.L. of rope, 72,598 lbs. 

Test of Rope in Socket. 

Rope pulled out of socket at 54,000 lbs. 
Efficiency of connection, 74.38 per cent. 
See Diagram No. 572. 

Condition of rope : Very shghtly worn. 

No. 596.— Test of* Rope Spliced Round 
Thimble: — 

Test of Whole Rope. 

Construction, Lang'« Lay. 

Diameter, 1.098 in. 

Circumference, 3.45 in. 

Number of 6t rands. 6. 

Number of wires per strand, 6/1. 

Diameter of wire, .125 in. (unworn). 

Class of main core, hemp. 

Class of strand core, soft wire. 

B.L. of steel per sq. in., 207,185 lbs. 

B.L. of rone. 77.056 lbs. 

Test of Rope Spliced Round Tiiimhle. 

1 strand broke at last tuck of splice at 

67.500 lbs. 
Efificiencv of connection, 87.60 per cent. 
See Diagram No. 746. 
Condition of rope : Considerably worn. 
Approximate size of worn wires, .081 in. 

No. 597.— Test of Rope Spliced Round 
Thimble: — 

Test of W^hole Rope. 

Construction, Lang's Lay. 
Diameter, 1.102 in. 
Circumference, 3.4625 in. 
Number of strands, 6. 
Number of wires per strand, 6/1. 
Diameter of wire, .125 in. (unworn). 



Clasg of main core, hemp. 
Class of strand core, soft wire. 
B.L. of steel per sq. in., 214,158 lbs. 
B.L. of rope, 92,870 lbs. 

Test of Rope Spliced Roind Thimble. 

2 strands broke at last tuck of splice at 

89,600 lbs. 
Efficiency of connection, 96.48 per cent. 
See Diagram No. 746. 

Condition of rope : Slightly worn. 

Approximate size of worn wires* .118 in. 

No. 628.— Test of Rope Spliced Round 
Thimble: — 

Test of Whole Rope. 

Construction, Lang's Lay. 

Diameter. 1.107 in. 

Circimifrance, 3.475 in. 

Number of strands, 6. 

Number of wires per strand. 8/6/1. 

Diameter of wire, .103 in., .058 in., .061 

in. (unworn). 
Class of main core, hemp. 
Class of strand core. wire. 
B.L. of rope, 116,000 lbs. 

Test of Rope Spliced Ro^nd Thimble. 

2 strands broke at last tuck of splice at 
110,000 lbs. 

Efficiency of connection, 94.83 per cent. 
See Diagram No. 628. 

Condition of rope: Very slightly worn. 
Approximate size of worn wires (outside )' 

.101 in. 

No. 672.— Test of Rope Spliced Round 
Thimble: — 

Test of Whole Rope. 

Construction, Lang's Lay. 

Diameter, 1.15 in. 

Circumference, 3.625 in. 

Number of strands, 6. 

Number of wires per strand, 8/6/1. 

Diameter of wire. .112 in., .0iS2 in., .065 in 

(unworn). 
Class of main core, hemp. 
Class of strand core, wire. 
B.L. of rope. 106.000 lbs. 

Test of Rope Spliced Round Thimble. 

3 strands broke clear of splice at 97.000 lbs 
Note. — The difference in B.L. is probably 

due to wear. 
Efficiency of connection, 100 per cent. 
See Diagrams Nos. 672 and 673. 
Condition of rope : Considerably worn. 
Approximate size of worn wires (outside) 

.091 in. 
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No. 681.— Test of Rope Spliced Round 
Thimble: — 

Test of Whole Rope. 

Construction, Lang's Lay. 
Diameter, 1.106 in. 
Circumference, 3.475 in. 
Number of strands, 6. 
Number of wires per strand, 6 1. 
Diameter of wire, .125 in. (unworn). 
Class of main core, hemp. 
Cvlass of strand core, soft wire. 
li.L. of rope, 99,000 lbs. 

Test of Rope Spliced Round Thimble. 

The pin through thimble bent at 95,000 lbs. 

with rope and splice unbroken. 
See Diagram of No. 681. 

Condition of rope : No wear. 
No. 719. — Test of Rope Clamped Round 
Thimble; — 

Test of Whole Rope. 

Construction, Lang's Lay. 

Diamet-er, 0.979 in. 

Circumference, 3.075 in. 

Number of strands, 6. 

Number of wires per strand, 7/5/1. 

Diameter of wire, .099 in., .052 in., .041 

in. (unworn). 
Class of main core, hemp. 
Class of strand core, wire. 
B.L. of rope, 87,800 lbs . 

Test of Rope Clamped Round Thimble. 

1 strand broke at 4th clamp from thimble 
at 78,800 lbs. The rope was fastened 
round thimble by five clamps, each 12 
in. apart. 
Efficiency of connection, 89.75 per cent. 
See Diagram No. 719. 

Condition of rope : No wear. 
No. 720.— Test of Rope Spliced Round 
Thimble: — 

Test of Whole Rope. 

Same rope as No. 719. 

Test of Rope Spliced Round Thimble. 

1 strand broke at last tuck of splice at 
78,000 lbs. (1 wire broke at first tuck 
of splice at 39,500 lbs.). 
Efficiency of connection, 88.84 per cent. 
See Diagram No. 720. 
. No. 725.— Test of Rope Spliced Round 
Thimble : — 

Test of Whole Rope. 

Construction, Lang's Lay. 
Diameter,, 1.106 in. 
Circumference, 3.475 in. 
Number of strands, 6. 



Number of wires per strand, 6/1. 
Diameter of wire, .124 in. (unworn). 
Class of main core, hemp. 
CAass of strand core, soft wire. 
B.L. of rope, 96,600 lbs. 

Test of Rope Spliced Round Thimble. 

3 strands broke next to splice at 87,300 lbs. 
(Thimble was made of brass, and 
cracked during test). 
Efficiency of connection, 90.37 per cent. 
See Diagram No. 725. 

Condition of rope : Very slightly worn. 

No. 746.— Test of Rope Spliced Round 
Thimble: — 

Test of Whole Rope. 

Consti-uction, Lang's Lay. 

Diameter, 1.058 in. 

Circumference, 3.325 in. 

Number of strands, 6. 

Number of wires per strand, 8/6/1. 

Diameter of wire, .101 in., .057 in., .060 

in. (unworn). 
Class of main core, hemp. 
Class of strand core, hard wire. 
B.L. of rope, 102,592 lbs. 

Test of Rope Spliced Round Thimble. 

1 strand broke at last tuck of splice at 

101,000 lbs. 
Efficiency of connection, 98.45 per cent. 
See Diagram No. 746. 

Condition of rope : Slightly worn. 
Approximate sizq of worn wires, .086 in., 

.055 in. 

Experiments to ascertain if any Differ- 
ence exists between Tests of Short 
and Long Specimens of Rope. 

Construction, 8/6/1. 

Length, 4 feet 4 inches (short specimen); 
12 feet 10 inches (long specimen). 

Diameter, 1.154 inches (short specimen); 
1.154 inches (long specimen). 

Breaking load (tons of 2,000 lbs.), 59.5 
(short specimen) ; 59.6 (long specimen). 

Remarks, 3 strands broke (short speci- 
men); 5 strands broke (long specimen). 

Construction, 8/5/1. 

Length, 4 feet 4 inches (short specimen); 
14 feet 10 inches (long specimen). 

Diameter, 1.134 inches (short specimen); 
1.134 inches (long specimen). 

Breaking load (tons of 2,000 lbs), 50.2 (short 
specimen); 49.75 (long specimen). 

Remarks, 3 strands broke and 3 wires in 4th 
(short specimen); 3 strands broke ana 
several wires in 5th (long specimen). 
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Tests of Rope when New and after Use. 

Teats of Rope when neio and after 7 

months* Use, 

Particulars of rope : — 
Date of manufacture, January, 1906. 
Date of purchase, 6th March, 1906. 
Coil number, 31B. 
Construction, Lang's Lav^ 
Length, 3,500 feet. 
Diameter, 1 inch. 
Number of strands, 6. 
Number of wires per strand 7/5/1. 
Diameter of wire, .100 in., .052 in., .041 in. 
Class of main core, best hemp. 
Class of strand core, hard wire. 
Quality of steel, special improved plough. 
Breaking load of steel per square inch, 

257,800 lbs. 
Breakuig load of rope, 91,400 lbs. 
Weight per foot, 1.576 lbs. 
New rope broke at 91,907.2 lbs. Three 

strands broke. 
Eope (after 7 months' use) broke at 

87,292.8 lbs. Three strands broke, 
liope very slightly worn. No corrosion. 

Well lubricated. 

Test of Rope when new and after 1 month's 

Use, 

Particulars of rope: — 
Date of manufacture, May, 1906. 
Date of purchase, 7th January, 1907. 
Coil number, 354. 
Construction, Lang's Lay. 
Length, 1,000 feet. 
Diameter, 0.75 inch. 
Circumference, 2.375 inches. 
Number of strands, 6. 
Number of wires per strand, 6. 
Diameter of wire, .082 inch. 
Class of main core, best hemp. 
(Mass of strand core, best hemp. 
Quality of steel, special improved plough. 
Breaking load of steel per square inch, 

256,000 lbs. 
Breaking load of rope, 46,000 lbs. 
Weight per foot, 0.7875 lb. 
New rope broke at 45,400 lbs. Three strands 

broke. 
Hope (after 1 month's use) broke at 

44,643.2 lbs. Three strands broke. No 

wear'or corrosion. Well lubricated. 

Test of Rope ivhen new and after 8 tvceks' 

Use. 

Particulars of rope: — 
Date of manufacture, September, 1905. 
Date of purchase, December, 1906. 



Coil number, — 

Construction, Lang's Lay. 

Length, 3,030 feet. 

Diameter, 1.25 inch. 

Circumference, 4 inches. 

Number of strands, 6. 

Number of wires per strand, 12 (9 over 3). 

Diameter of wire, .104 inch. 

Class of main core, hemp. 

Class of strand core, — 

Quality of steel, best patent improved 

crucible. 
Breaking load of steel per square inch, 

201,600 lbs. 
Breaking load of rope, 118,200 lbs. 
Weight per foot, 2.(37 lbs. 
New rope broke at 121,400 lbs. Three 

strands broke. 
Rope (after 8 weeks' use) broke at 118,400 

lbs. Three strands broke. No wear or 

corrosion. Well lubricated, but a little 

rust outside. 

Test of ropes tvhen new and after 1 month's 
and 2 montlis' and 19 days* use. 

Particulars of rope : — 
Date of manufacture, September, 1906. 
Construction, Lang's Lay. 
Length, 3,700 feet. 
Diameter, 1 inch. 
Number of strands, 6. 
Number of wires per strand, 6/1. 
Diameter of wire, .111 in. 
Class of main core, hemp. 
Class of strand core, soft wire. 
Quality of steel, — 
Breaking load of steel per square inch, 

268,800 lbs. 
Breaking load of rope, 91,000 lbs. 
Weight per foot, — 
(Specimen taken from skip end of rope). 

New i-ope broke at 82,000 lbs. Three strands 
broke. Hope (after 1 month's use) broke 
at 82,000 lbs. Three strands broke. No 
wear or coiTosion. Well lubricated. 

Another rope from the same mine, with 
exactly the same particulars as above, ex- 
cept that the core wire is hard instead of 
soft, gave the following results: — 
New mpe broke at 93,000 lbs. Two strands 

broke. 
Rope (after 1 month's use) broke at 92,500 

lbs. Two strands broke. No wear or 

corrosion. Well lubricated. 
Rope (after 2 months' and 19 days' use) 

broke at 92,826 lbs. Two strands broke. 

No wear or corrosion. Well lubricated. 
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A FEW NOTES ON TESTS OF WORN 

ROPES. 



Paper by Mu. W. Mautin Eptok. 



Discussion. 



Mr. W. S. Thomas : Now that our Pre- 
sident has completed his paper '* A Few 
Notes on Results of Tests of Worn Ropes," 
by the addition of the tables, giving further 
information in connection with these tests, 
wo are in a position to analyse the tests, 
and by so doing, show that the conclusions 
which Mr. Epton draws from the tests are 
diametrically opposite to the conclusions 
which should be drawn from them. Mr. Epton 
concludes that, '* although it maj^ happen 
in some cases that there is considerable 
lateral support between the wires in a worn 
ix)pe, yet this cannot be relied upon, and 
should not enter into any calculation that 
may be made, as to the strength of the 
rope, from the amount of wear on the 
wires." A similar statement was made by 
Messrs. Vaughan and Epton in their valu- 
able paper, *' Wire Ropes Used for Wind- 
ing: Their Strength, and Some Causes of 
Its Reduction," and I am very pleased that 
Mr. Epton \ias given us these results of 
tests, so that we may point out the fallacy 
of this assertion. Messrs. Vaughan and 
Epton state, in connection with this same 
subject, that ** One can only go by aver- 
ages " (Journal for April, 1905, page 214), 
and it will be seen from the tables herewith, 
that out of 71 tests which have been analy- 
sed, 80 per cent, show conclusively that 
there is a lateral support of the wires in 
worn ropes, and it is apparent that this fac- 
tor should be considered and allowed for in 
calculating the breaking strain of worn 
ropes. 

Earlier in this discussion, I expressed the 
opinion that " if a rope is not corrodexi, and 
there are no special governing conditions, 
after a cerfain amount of wear, the gripping 
of the wires between the strands, and 
against the internal core, will always cause 
the breaking strain of the rope to be higher 
than the aggregate of the wires," and aft-er 
f(oing into Mr. Epton 's tests this opinion 
lias been strengthened. 

Mr. Epton has given us two tables, con- 
taining 71 tests, 29 of which show a higher 
breaking strain for the worn rope than the 



aggregate strength of the wires, tested in 
their most worn portions; and 42 show a 
lower breaking strain for the rope than the 
aggregate strength of the wires, tested in 
their most worn portions. From this latter 
table, two tests (Nos. 4 and 23) should be 
excluded, as they are tests of new ropes, 
and in the case of new ropes it is admitted 
that the breaking strain of the rope is less 
than the aggregate strength of tne wires. 
These two examples were probably included 
in error, and ihave not been taken into ac- 
count in the tables accompanying this con- 
tribution. 

As Mr. Epton stated in the discussion, 
he is only able to give, in many cases, the 
breaking strains of the ropes as given in the 
makers* certificates, but together with the 
breaking strain given in the certificate, he 
has also given us the percentage which the 
makers of the rope usually deduct, and has 
noted the fact in cases \yhere no deduction 
has been made. In calculating the original 
breaking strain of the ropes I have de- 
ducted 10 per cent, for spinning from the 
maker's certificate, in the cases stated as 
having had no deduction made originally, 
and the makers' breaking strains have been 
used in all cases where deductions have 
been made. 

Ten per cent, is a fair average to deduct 
for spinning in any of the best known 
makers' ropes, in the constructions illus- 
trated, and this percentage I have used ar- 
bitrarily to indicate the wear necessary to 
reduce the spinning factor to zero. It is 
quite impossible to determine the exact 
amount of wear which will reduce the 
spinning factor to zero, and no doubt this 
amount varies in different constructions, and 
is dependent upon varying conditions. 

For the purpose of comparison, I have 
classified the results given by Mr. Epton in 
his table of cases, in which the aggregate 
of the wires is greater than the breaking 
load of the worn rope, into three classes, 
according to whether the amount of wear 
is more, or less, than 10 per cent. Assum- 
ing that in case the percentage of wear 
equals the spinning factor, a rope will break 
at a strain equal to the aggregate of the 
worn wires. 

TABLE T. 

In this table I have placed all of Mr. 
Epton 's examples of ro[)es in which the 
breaking load of the worn rope is greater 
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than the aggregate strength of the wires 
tested in their most worn portions. It is 
assumed that the amount of wear apparent 
on the surface of the wires will be indicated 
by the percentage of difference between the 
original breaking load of the rope and the 
aggregate strength of the worn wires. This 
assumption may not be correct in all cases, 
but should be sufficiently so for forming a 
basis of comparison. Time does not permit 
me to work out the worn section of the wires 
and obtain the percentage of wear by com- 
paring with the original sections, which 
would give an exact result. The percentage 
of difference between the original breaking 
load of the rope and the actual breaking 
load of the worn rope is given for compari- 
sion, with the assumed amount of wear. 
We find, in every case but two (Nos. 5 and 
28) out of the 29 tests given, that the ropes 
are reduced by wear more than 10 per cent. 
Referring to the percentages I have given 
in the column, " Percentage of Difference 
between Original Breaking Load of Rope 
and the Breaking Load calculated from the 
Wires," it will be seen that the amount of 
wear necessary to reduce the spinning fac- 
tor to zero is probably considerably over 10 
per cent. This table shows that it is only 
in the case of a considerable amount of 
wear that we can expect the aggregate 
strength of the worn wires to be less than 
the actual breaking strain of the worn rope. 
It therefore follows that there may be a 
gripping of the wires in a worn rope even 
though the actual breaking load of the rope 
is less than the aggregate strength of the 
worn wires; and the following tables, 2, 3, 
and 4, have been compiled from these tests, 
showing that, in the majority of the ex- 
amples, such is found to be the case. In 
three examples (Nos. 9, 14, and 16), the 
percentage of wear cannot be worked out 
owing to the fact that in the first case the 
original strain of the rope has not been 
given, and in the second and third cases the 
original breaking strains of the ropes which 
have been given are probably incorrectly 
stated, as in both cases the original break- 
ing strains are lower than the breaking 
strains of tiie worn ropes. In considering 
the two cases before mentioned, of Nos. 5 
and 28, in which the amount of wear is less 
than 10 per cent., in No. 5 the original 
breaking strain may have been given in- 
correctly, but this cannot be the case in No. 
28, as the breaking strain here is given 
from a test of the new rope. This rope may 



possibly have been badly spun in the new 
portion which was tested, which would 
cause a lower breaking strain than that 
actually posses.sed by the rope. 

TABLE II. 

The tests placed in this table are taken 
from Mr. Epton's tables showing the num- 
ber of cases in which the test of the worn 
rope is less than the aggregate of the wires. 
The amount of wear on the wires in the 
samples given in this table is assumed to 
be indicated by the percentage of difference 
between the original breaking load of the 
rope and the breaking load of the rope 
as tested, and in every case the amount of 
wear is less than 10 per cent., showing that 
the ropes in this set of tests were only 
slightly worn. The amount of wear has not 
been calculated in three instances. Nos. 14, 
21 and 39, on account of the fact that there 
is a probable error in stating the breaking 
load of the new ropes. In every case except 
one (No. 26) the ropes break at less than 
8f per cent, reduction from the aggregate 
of the wires, and if we assume that the 
original spinning factor was 10 per cent., 
this proves conclusively that there is a 
gripping of the wires in these cases. It is 
quite a logical assumption that had these 
ropes been more worn at the time of testing, 
the aggregate strength of the wires would 
have become less than the actual breaking 
load of the rope. In the one case. No. 26, 
the original factor necessary to be deducted 
.for spinning may have been very high, as 
the construction is one not generally 
adopted. Should this assumption be cor- 
rect this rope can also be classed as having 
the spinning factor reduced by wear. 

TABLE III. 

The tests placed in this class are from 
Mr. Epton's table showing the cases in 
which the test of the worn rope is less than 
the aggregate of the wires. The table 
shows the number of tests in which the 
wear, as indicated by the percentage of 
difference between the original breaking 
load of the rope and the breaking load of 
the rope as tested, is greater than 10 per 
cent. In evei-y case, however, the percen- 
tage of difference between the nggregat-e 
strength of the worn wires and the break- 
ing load as tested is less than 8 per cent., 
which shows a reduction in the original 
spinning factor of 10 per cent., and in- 
dicates a gripping of the wires. The tests 
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shown in this table we might naturally ex- 
pect to find in Table I, and the assumption 
is, that there is some other condition affect- 
ing these tests which is not shown. Five out 
of the seven ropes are noted as being con- 
siderably corroded, which probably accounts 
for the results of these tests being different 
from our expectations. Two tests are noted 
as only being slightly corroded, so the rea- 
son of these ropes not testing higher than 
the aggregate of the wires is not apparent. 

TABLE IV. 

The tests shown in this table are from Mr. 
Epton's table showing cases in which the 
breaking load of -the worn rope is less than 
the aggregate of the worn wires. In this 
table the wear is greater than 10 per cent., 
assuming the wear to be indicated by the 
percentage of difference between the 
original breaking load of the rope and the 
breaking load of the rope as tested. The 
tests in this table do not indicate a gripping 
of the wires, as in every case the difference 
between the aggregate of the worn wires 
and the ropes as tested is greater than the 
original spinning factor. There are only 14 
tests in this list, constituting but 20 per 
cent, of all the tests submitted. The results 
given in this table can only be accounted 
for as those having special governing con- 
ditions. Five out of the 14 tests, or 35 
per cent., are noted as being either exces- 
sively or considerably corroded. The con- 
struction in some cases may cause a poor 
test in the worn rope, and it is interesting to 
note that 66 per cent, of the samples in 
the 6, 9 and 3 construction are in Table 
IV. No doubt Mr. Epton has information 
which would clear up the mystery in re- 
gard to some of the tests, and in his reply 
I trust that he will let us know whether this 
is the case. I think that I recognise one or 
two " old friends ** in the list. 

Considering the tests in all of the tables, 
we find that only J20 per cent, can be con- 
sidered as dangerous during the time they 
are working under proper inspection. 

In Table I, all the ropes show a higher 
breaking strain than indicated by the 
amount of wear which has taken place. 

In Table II, the spinning factor is re- 
duced, and the greatest error which could 
be made in assessing the breaking strain 
from the amount of wear is 3 per cent., if 
the amount of wear is as indicated by the 



difference between the original breaking 
strain and the t<isted breaking strain. 

In Table III, an error of as great as 7 
per cent, might be made in case the amount 
of wear on the wires is found to be the saints 
as the percentage of difference between the 
original breaking load of the rope and the 
test breaking load. 

In Table IV, all the ropes are dangerous 
according to the tests as given here, and I 
trust that Mr. Epton in his reply will let 
us know whether these results were in- 
dicated by the appearance of the ropes. 

From an analysis of these tests it will be 
apparent that the actual breaking load of 
the rope should be stated in the maker's 
certificate, as a considerable error may be 
made in assessing the wear when only the 
aggregate strength of the wires it^ given. 

Reviewing the tests as a whole, we find 
that of the sixty-nine tests analysed 80 per 
cent, indicate a gripping of the wires, and 
only 20 per cent, indicate that there has 
been no gripping. We must therefore con- 
elude that the gripping of the wires in a 
worn rope is a factor to be considered. The 
results prove that under normal conditions, 
as a rope wears, the spinning factqr is re- 
duced, and it is safe to assume that after 
a certain amount of wear has taken place, 
the rope will break higher than the aggre- 
gate strength of its wires. 

Mr. Stokes : The very useful results fur- 
nished by the author of the many tests car- 
ried out in connection with worn ix>pes and 
rope fastenings should commend themselves 
with much interest to all who are interested 
in the subject of wire ropes and are respon- 
sible for their safe keeping and upkee[). 
The. form of fastening which is now being 
used for testing ropes at the !Mines Depart- 
ment Laboratory has had a thorough test, 
not only in this laboratory, but for niany 
years has been used by others as the most 
secure form of attachment throughout the 
laboratories in other parts of the world 
where rope testing is carried out. The idea 
so far as the writer is concerned emanates 
from the necessity of employing an efficient 
method of securing the cable ends of some 
bridges built on the suspension system in 
America, and mention is made of it some 
ten years ago in proceedings of the Ameri- 
can Institution of Civil Engineers. The 
efficiency of this plan for securing the rope- 
end is fully demonstrated in the resnlt-s 
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obtained, but there are a few particulars 
which appear to the writer as requiring some 
demonstration, and I submit the following 
questions to the author in the hope that he 
may be able in the near future to supply 
the information required. Can the author 
ascertain to what extent the individual 
wires are gripped solely by the natural 
adhesion of the metal to the wires ? To 
what extent does the efficiency of this form 
of fastening depend upon the form given to 
it? The intense compressive effect produced 
by a heavy load on the tapered form used 
must necessarily increase the pressure upon 
the wires near the surface of the metal and 
adds additional security. The writer be- 
lieves that this tapered form is largely re- 
sponsible for the very satisfactory results 
obtained owing to the soft nature of the 
mineral surrounding the wires. It would 
seem desirable in order to prevent any mis- 
understanding in the matter to ascertain the 
limits within which safe working conditions 
can be obtained from this tapered form. 
The writer, as well as the author, has seen 
this fastening pull through the dies when 
testing rope strands due to insufficient 
taper. On the other hand, if the writer's 
contention is correct, there must be a limit 
beyond which the increased gripping effect 
is not sufficiently produced to be of any 
material benefit owing to too much taper. I 
might further suggest that the author 
should test similar fastenings cast in a 
parallel form to show the length of wire 
necessary to be embedded before rupture 
occurs. Can the author say whether acids 
usually met with in the shafts along the 
reef have any det<»riorating influence on the 
adhesive properties of the metal covering, 
and to what extent ? I have mentioned these 
few matters because if it is intended that 
this form of fastening should be generally 
adopted the information requested will be 
valuable to those designing sockets for its 
use, and its service is of such vital import- 
ance that a thorough understanding should 
be arrived at before attempting any devia- 
tions from standard forms in cases where it 
might be advantageous to do so. 

The writer has observed, in the examina- 
tion of worn ropes, that in manyi cases of 
ropes termed ** slightly worn " the wires 
just as often break at their unworn sections 
as the worn, and instances are known where 
considerably worn ropes have had nearly the 
whole of the wires broken at their full sec- 
tions. Whether this is due to the lateral 



adhesion of the wires to themselves or some 
inherent mechanical alteration of the par- 
ticles of the steel in excessively worn ropes 
is a matter which has, as yet, not been 
sufficiently explained. The kinetic effects 
through shocks manifested under working 
conditions call for undoubted reliability of the 
elastic properties of the component parts of 
ropes, and the writer is of opinion that these 
properties should be given a prominent place 
in the results of tests on worn ropes and a 
comparison made of the individual wires 
with those of unworn ropes as well as the 
results obtained in this respect from whole 
rope tests. It is usually understood that 
after certain use the breaking load of 
wires is increased, but I doubt whether this 
increase is sufficient to make up for the loss 
and fatigue due to brittleness. It may be 
said that the hemp core interior provides 
for elongation of a rope by allowing a reduc- 
tion in its diameter, and this is no doubt 
true to a certain extent, but the fact that a 
rope does become dead is well recognised and 
is regarded as a warning of distress by many 
careful engineers, who take precautions in 
some instances to have the rope immediately 
removed. It is at this stage in the life of 
a rope, when the results of the elastic tests 
are of importance, and also the permanent 
set of individual wires after breaking should 
receive consideration and be compared with 
the unworn new wires. The author is at pre- 
sent placed at some slight disadvantage in 
making such tests at the present time on 
account of being obliged to record elonga- 
tions by hand, but it is hoped that in the 
near future he will be supplied with more 
suitable appliances for placing these impor- 
tant matters on a more satisfactory* basis. 

A FEW NOTES ON RESULTS OF 
TESTS OF WOKN HOPES. 



Paper by W. Martin Epton, M.I.Mech.E. 

(President). 



Discussion. 

Mr. OsTREicHER Said it had been men- 
tioned in connection with this paper that a 
worn wire had a greater strength than it 
ought to have. If they reduced locally the 
section of a test bar, the flow of the material 
was restricted, and the result was a higher 
breaking stress. That was quite a well- 
known fact, and was only what could be ex- 
pected. 
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Mr. H. H. Johnson asked whether he 
understood Mr. Ostreicher to say that if a 
piece of steel 1 sq. in. in section were taken 
and one-sixteenth of an inch planed off it, 
that the tensile strength per square inch 
would be increased. 

Mr. Ostreicher replied that that was 
proved to be the case. If two bars were 
taken — one 3ft. long, and the other 2in. long 
— it would be found that the 2in. bar would 
give a greater stress per square inch than 
the 3ft. bar. The stress depended entirely 
on the ratio of length to diameter. They 
could only compare two tests when the speci- 
mens were geometrically equal. 

Professor Dubson thought that Mr. 
Ostreicher, in his original statement, was re- 
ferring to two pieces of the same length, 
say, one with 1 sq. in. section,, and the other 
with IJ sq. in. section turned down at the 
centre of lin., in which case results would be 
obtained as he described. 

Mr. W. S. Thomas said that, according 
to Mr. Ostreicher 's statement, a wire of 
long length would give the same result as a 
wire of short length. They would hardly 
notice any variation. 

Mr. Ostreicher said that they would 
find there was a variation. In 2in. as against 
1ft. there was a difference of about 10 per 
cent. If a hole were punched in a bar, and 
the bar tested, it was found that the per- 
forated bar had a greater strength per square 
inch than the solid bar. 

Contributed since the Meeting : 

In looking through the material in my 
possession, I find that the first part of my 
statement, viz. : — 

'* That a local reduction of the cross 
section of a test bar, such as a round 
groove turned out or a hole drilled or 
punched, increases the tensile strength, 
and reduces the elongation and contrac- 
tion, which is explained by the restriction 
of the flow of the material, and, there- 
fore, geometrically similar test bars can 
be employed," 
has been established by repeated experi- 
ments. 

In connection with the second, I must 
acknowledge that I was wrong. I find that 
the contraction decreased with the length, 
which means that shorter bars are apparently 



weaker, which is also proved by more recent 
experiments. But even here the law is very 
complicated, depending much on the shape 
of cross sections, which is more marked as 
we approach the yielding point, or the limit 
of rapid flow. 

I beg to enclose a few tables which prove 
my statement that only geometrically similar 
test bars can be compared. 

In regard to the increase of tensile stress 
of wires compared with the material not 
drawn or annealed wire, it must be borne in 
mind that the molecules of the wire are re- 
arranged after the drawing thus : The outer 
skin has a tendency to expand, in conse- 
quence of which the inner layers are more 
restricted from contracting than before, 
which produces greater strength per square 
inch. 

KIRCALDY'S EXPERIMENTS WITH ROUND 
IRON BARS OF 1 INCH DIAMETER 



Material 
treated. 

Low Moor 
Iron of the 
hardest 
quality. 



Govan 
forged 
wrought, 
iron. 



Breaking Con- 
strength traction 
Lbs. per Per 
sq. in. eent. 

(1) Plain Cylinder, 1 in. 

diam 64,000 5100 

(2) Cylinder 1 in. diam., 

groove reduced to 

about .73 in. diam. 90,800 8-03 

(3) Plain Cylinder, about 

.73 in. diam. ... 68,400 49-23 

(1) Plain Cylinder, 1 in. 

diam 71,400 40-71 

(2) Cylinder, 1 in. diam. 

with groove reduced 

to about -73 in. diam. 98,100 13-77 

(3) Plain Cylinder, about 

•73 in. diam. ... 71,400 36-02 

(1) Plain Cylinder, 1 in. 

diam 57,400 47-38 

(2) Cylinder, 1 in. diam. 

with groove reduced 
to about -73 in 
diam 70,300 21-27 

(3) Plain Cylinder, about 

-73 in. diam. ... 62,000 46-91 



CHIEF ENGINE15R BARBA OF CRUESOT. 

Thick- Strength Elonga- 

ness. Width. Ratio. Tensile, tion. Remarks 
No. in. in. lbs. sq. in. per cent. 

1 -399 -787 !-98 60,600 29 5 , 1^1:1 j 

2 -393 2-350 6-02 58,600 35-0 I 

3 -400 3-860 9-81 57,100 400 | 

1 -514 -787 1-53 34,100 51-5 

2 -513 2-350 4-57 33,800 55-2 

3 -516 2-990 7-61 22,800 50 j 



Govan 
rolled 
wrought 
iron. 



steel. 



Copper. 



The above arc extracts from Bach's book on Strength 
and Elasticity, 1st edition, converted into English 
measure. 
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WATERTOWN ARSENAL TESTS ON SINGLE- 
RIVETED DOUBLE-BUTT JOINTS. 

OPEN HBARTH 8TEBL PLATES, f IN. THICK, J IN. COVER 

Jr'LATBS. 

IRON RIVETS, MACHINE DRIVEN, HOLES DRILLED* 

Strength lengthwise =66 500 lbs. per sq. in* 
Material crosswise =56 500 lbs. per sq. in* 

of Plates. Elastic Limit =33 000 lbs. per sq. in- 

Elongation in 10 in. =26% 

Reduction of area =55% 
(Each result the mean of two tests). 



Size of Rivet Pitch of Tension on 
and of Hole Rivets Nett Section 
inch. inches. of Plate. 



* and f 

* and J 



H 



tt and J 



tt and 1 



li 
2 

U 
2 

2i 

2i 
2f 

24 
2 

H 

2i 
2} 

2i 
2f 
2i 

2i 



64,900 
61,320 
64,800 
62,900 
67,050 
63,300 
64,900 
67,400 
66,700 
63,600 
62,400 
62,500 
68,000 
66,400 
64,200 
63,700 
62,300 
63,400 
63,100 
61,100 



Tension of net 
section 

Strength length- 
wise. 
115 
1-08 
114 
MI 
118 
112 
114 
119 
116 
112 
110 
110 
1-20 
117 
113 
1 12 
110 
112 
111 
108 



The President (Mr. W. Martin Epton), 
in reply to Mr. Johnson as to the results 
obtained in testing different length of ropes, 
stated that the results of certain tests he had 
made were to be found in the Jouiual. In 
testing pieces of rope 20ft. long and 14ft. 
long the results were practically the same. 
Mr. Ostreicher's statement would not be 
borne out in connection with the wire rope, 
because there, several wires, and not a com- 
pact body, were being tested. 

Mr. J. A. Vaughan thought that Mr. 
Ostreicher had explained his meaning. It 
was a well-known fact that if materials were 
stretched above the elastic limit, and not 
broken, and allowed time to recuperate, it 
would then show a higher elastic limit than 
it ever had before. That was the only fact 
he knew which bore out anything like the 
statement Mr. Ostiricher had made that 
evening. 



A FEW NOTES ON TESTS OF WOKN 

ROPES. 



Paper by Mr. W. Martin Epton, President. 



Discussion, 

Mr. A. S. Ostreicher asked whether the 
President had yet had time to carry out his 
promised experiments to see how the length 
of a rope influenced the breaking load. A 
rope was a compound body and it would be 
interesting to have the desired particulars. 

The President said he had already made 
tests of this description and would have 
pleasure in supplying the required informa- 
tion in his reply to the discussion. 

A FEW NOTES ON RESULTS OF 
TESTS OF WORN ROPES. 



Paper by Mr. W. Martin Epton, 
M.I.Mech.E., President. 



Author* 8 Reply to Discussion, 

The writer would like to thank all those 
who have taken part in the discussion on thii* 
paper, more especially Mr. Brodigan and 
Mr, Thomas ; the former for kindly contribu- 
ting the results of his practical experience 
with the method of capping as described in 
the original paper, and the latter for the 
trouble he has taken in analysing the results 
of experiments made with worn ropes. 

Most of the other questions were replied to 
when asked, with the exception of Mr. 
Ostreicher's inquiry as to whetlier there was 
any apparent difference in the results of 
tests of a short or long specimen of rope ; 
this point he will find is answered in the 
original paper, where the results of some ex- 
periments are given, but this part of the 
paper was, unfortunately, only published in 
the August number of the Institute's 
Journal. It may, however, be stated that, 
up to the present, the writer has found no 
difference in results of tests due to the 
length of the specimen. 

Regarding Mr. Thomas's criticism, he has 
taken both Mr. Vaughan and the writer 
very severely to task for making the asser- 
tion that lateral support of the wires in a 
worn rope should not bo taken into account 
when calculating its strength — the writer 
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would like to point out most emphatically 
that it was never asserted that lateral sup- 
port did not sometimes exist, for it was 
known that it did exist, hut its amount is of 
such a variable nature that the writer is still 
of the opinion that it is much safer to ignore 
it when calculating the strength of worn 
ropes. After all Mr. Thomas's calculations, 
involving possibilities and probabilities, he 
admits that he cannot account for 20 per 
cent, of results obtained by his method of 
calculation, which means on the Witwaters- 
rand mines some 70 winding ropes could 
not be assessed if his methods were used, 
and the difficulty would be to find out to 
which 70 of the 350 in use his rule should 
not apply. 

The writer can agree generally with Mr. 
Thomas's statement in regard to lateral sup- 
port (which amounts to an axiom, and 
applies to new ropes as well as worn ones, 
although not, perhaps, to the same extent), 
that if there are no special governing condi- 
tions, i.e., if there is perfect efficiency of 
the rope regarded as structure, then the 
rope will give a higher breaking load than 
the aggregate of its component wires. The 
limit of advantage will be reached when the 
rope fractures at a plane section paj-alled to 
its axis, and the advantage will then be in 
, proportion to the areas of steel broken 
through. This can be calculated in the case 
of a new rope, but would be very difficult 
in worn ones, remembering that the lay of 
the wires is at an angle with the said plane. 

From full consideration it appears that 
Lang's Lay ropes are slightly less efficient 
when worn than Ordinary Lay, but only 
from a theoretical point of view; the point 
to be established is that, given perfect con- 
ditions, the rope, whether new or old, ought 
to break higher than its wires. Included 
in the perfect conditions are the following: 

(1) Every wire must be of the same grade, 
strength, and ductility, and laid in such a 
manner that ft takes its proper share of the 
load and no more; this holds for both new 
and worn ropes, and postulates an im- 
possibility. 

(2) The deterioration in every respect of 
each wire must be the same, which looks 
like another impossibility. 

Turning now to Mr. Tliomas's basis of cal- 
culation, he says: " From an analysis of 
these tests it will be apparent that the 
aciual breaking load of the rope should be 



stated in the maker's certificate, as a con- 
siderable error may be made in assessing 
the wear when only the aggregate strength 
of the wires is given." The writer agrees 
with the whole of this, but after Mr. Thomas 
has made this statement, he takes the 
trouble to try to prove that every rope has 
lateral support, and that he can assess the 
amount of such support, proceeding to use 
figures in which he admits a considerable 
error may be made, and this, to the writer, 
seems an extraordinary waste of time for a 
busy man who has not time to work out the 
areas of the wires and so give exact results. 

Now it is this very uncertainty of being 
able to determine the exact amount of 
allowance, even if the areas are calculated, 
that should be made for spinning and 
lateral support, that induced Mr. Vaughan 
and the writer to make the statement that 
lateral support should not be taken into 
account when assessing the strength of a 
worn rope. 

To illustrate the point, in Table No. 1, 
the writer has been able to calculate the 
areas in 19 cases, it being impossible to do 
so in the remainder owing to various reasons, 
such as grooving, corrosion, etc. ; of these 
19, four show no lateral support, as the per- 
centage of wear is less than the percentage 
of reduction in breaking load; 8 of the re- 
mainder show errors in Mr. Thomas's figures 
varying from 5 per cent, to 26 per cent., 
while the others are within 3 per cent. 

Table No. 2 deals with only 19 ropes, in 
three of which Mr. Thomas is quite right in 
saying that there is probably error, but the 
error is in the maker's certificate. Of the 
remaining ropes, one contains wires both 
brittle and grooved, and another in which 
the wires were phenomenally brittle, so 
that no nice calculations can apply. Mr, 
Thomas states that no greater error than o 
per cent, could be made if the amount of 
wear was as indicated by the difference be- 
tween the original breaking stress and the 
tested breaking stress. Well, of the remain- 
ing 12 ropes, in Table 2, of whicL the writer 
was able to calculuate the areas, 7 do not 
agree with the relationship by considerably 
more than his 3 per cent., whilst the. re- 
maining 5 come within 2 per cent, of his 
figures, which would increase the 3 per cent, 
error to a 5 per cent, error. 

In Table No. 3, seven ropes appear in 
which Mr. Thomas states that the spinning 
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factor of 10 per cent, has not been elimin- 
ated, and to show tlie fallacy of making cal- 
culations in the way be has done, it is 
found that, in 3 of the 7, on calculating the 
original areas and • the breaking load per 
square inch of steel, the breaking load 
given in the maker's certificate is some tons 
higher than the grade of steel in the rope 
ever permitted ; in 2 of the other cases it has 
not been possible to calculate the areas on 
account of corrosion, whilst the sixth rope 
is a mysterious one, known in the Govern- 
ment Kecords as tlie '* Mever and Charl- 
ton." It will, therefore, be seen that not 
one of these ropes could have been so nicely 
assessed as to allow for from 5 per cent, to 
10 per cent, lateral support. 

In Table No. 4, Mr. Thomas has classed 
ropes which he considers would be danger- 
ous if his method of assessment were used, 
and there were no governing conditions. 
The writer has looked into all these cases, 
and, with the exception of two ropes (one 
of which had split wires, and the other was 
the famous '* Meyer and Charlton ") he has 
been able to find no special governing con- 
ditions. 

In conclusion, the writer would like to 
point out that Mr. Thomas's initial mistake 
in his calculations was to assume that every 
rope had a spinning factor of 10 per cent., as 
it varies in the writer's own experience from 
2 per cent, up to as high as 16 per cent., 
whilst a case is quoted in the PTaciical 
Engineer*s Pocket Book, in which a spin- 
ning factor of 25 per cent, occurred in a rope 
having a breaking strain of 330 tons. Even 
Mr. Thomas's calculations for his own ropes 
are not always correct, although I must say 
that, from a purchaser's point of view he is 
usually on the right side. This is stated 
merely to prove the great difficulty in 
assessing the breaking load of a rope from 
the aggregate strength of its individual 
wires. A further difficulty that presents 
itself is at what time in the life of a rope 
does the spinning effect wear off; i.e., sup- 
pose no deterioration occurs in the wires, 
when will the breaking load of the rope be 
equal to the breaking load of the aggregate 
of its wires ? The writer certainly had, at 
one time the idea that after a little work the 
breaking load became nearer the aggregate 
of the wires, and in order to prove this point 
he made five tests for the Hope and Safety 
Catch Commission (the results of which 
were published in the August, 1907, number 



of the Institute's Journal), but in none of 
these experiments did the breaking load of 
the rope, after being under strain for what 
would have been considered a sufficiently 
long enough period for this to occur, become 
greater than it was when new. The num- 
ber and diversity of tests made in this con- 
nection is not, however, put forward as 
giving a conclusive result. 

If we assume, for the sake of argument, 
that Mr. Thomas is able to calculate exactly 
when the spinning had been reduced by say 
3 per cent, to 5 per cent., or even when it 
is quite eliminated, the advantage to be 
gained would be extremely small. Take it 
that he calculates that wear and tear has 
reduced the strength of the rope 20 per cent, 
from 50 to 40 tons, and then allows that 
the spinning factor has been reduced from 
10 per cent, to 3 per cent., this would mean 
the addition of about 3^ tons to the original 
estimated breaking load of the rope, which 
is now to be taken to the credit of the worn 
rope. 

It appears to the writer that many other 
factors are likely to affect the strength of 
the rope, whicli can be more exactly deter- 
mined, than can the 3i tons convenient ad- 
dition arrived at by guess work, and he 
would much prefer that whatever lateral 
support, if any, exists, should remain as a , 
reserve of strength in the rope, and not 
taken to the credit side in attempting to 
settle its breaking load. 

Extract of Paper from the Journal of the 
Transvaal Institute of Mechanical En- 
gineers, Vol. 77/., No. 7, 1909.' 



KECORD KEEPING AS APPLIED TO 
THE RESIDENT ENGINEER'S DEPT. 

OF A MINE. 



Paper by H. L. Templer, M.I.Mech.E. 

(Member). 



Windiyig Hopes. — The writer considers 
that the usual Rope Record Books to be 
obtained from various publishers leave 
much to be desired as regards accessibility 
of information, and strongly advocates the 
use of a separate and distinct book for each 
winding rope considered separately as a 
unit designated by the manufacturer's own 
number. 
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An ordinary foolscap book bound in cloth 
and costing about one shilling is all that is 
required, and contains the following: — 

1. Original manufacturer's certificate. 

2. Daily inspection report signed by the 

person who is delegated for this 
duty. 

This report to be written on right-hand 
page only. 

3. Details of any occurrences to shaft 

or skip, to be entered opposite its 
date on left-hand page. 

4. Engineer's Monthly Inspection Re- 

port to be entered towards the end 
of the book. 

Figure 3 illustrates a sample page of this 
book. While the rope and consequently 
the book is in use, the same is labelled by 
the shaft and compartment; when, how- 
ever, the rope is discarded, a new book 
having taken the place of the one in ques- 
tion, the designation of the shaft and com- 
partment is removed, and the manufac- 
turer's number substituted. 

Figure 4 shows a useful chart w^hich 
shows at a glance the following informa- 
tion : — 

1. Shafts and compartments. 

2. Manufacturer's name of any rope 

either in use or that has been dis- 
carded. 

3. Manufacturer's number of ditto. 

4. Life of ditto. 

5. If transferred from one compartment 

to another, which and where. 

6. Dates of periodical tests by Govern- 

ment Laboratory. 

7. Results of above tests. 

Foot tons hoisted by each rope ' can, 
if desired, be entered on this chart against 
the rope at date of removal. 

Assuming all the above data to have been 
accurately kept, it would be possible for 
any person to quickly obtain a general idea 
of the state of any particular rope in use, 
and also to gauge by the law of chance the 
probable life of a rope on a particular com- 
partment, but on a question so important 
to the engineer as the safety of a particu- 
lar rope, it becomes apparent that more, 
minute data would be of material assist- 
ance. 



Assuming a rope to have been working 
say eight months, and that 6 or 7 wires 
jhad fractured at different times s^t different 
places and that the rope had been short- 
ened on two occasion and in addition 
turned end for end, upon the rigger after a 
daily inspection reporting another broken 
wire at a particular spot, it is difficult to 
at once locate in one's mind's eye where 
this has taken place with reference to the 
previous broken wires reported. 

Accordingly the writer submits Figure 5, 
which shows at a glance the more minute 
history of any particular rope. 

Many engineers take measurements 
monthly of the diameter of their ropes with 
a view to gauging the decrease of area due 
to w-ear and tear, and these measurements, 
if accurately taken and recorded, undoubt- 
edly form a guide to determine the decreas- 
ing factor of safety. 

Owing to the fact that any section of a 
rope is unlikely to be a true circle, it ap- 
pears to the writer to be a waste of time to 
use any form of calliper. 

By taking 10 circumferences a very great 
degree of accuracy can be obtained. 

To illustrate this, let us assume that a 
rope measures lin. in diameter or 10 TT = 
31-41 in. 

It would be difficult to read a diametrical 
measurement closer than j\- in. 

Accordingly the next size below 1 in. 
would be Jl in. = •984in. or 10n = 30-9in. 
A difference of half an iyich. 

The writer finds that 10 TT measurements 
can be taken almost as quickly as with a 
gauge and that it is quite easy to obtain 
measurements to a xVi'^- 

This means that diameters varying .J^ 
in. can be accurately measured by this 
means. 

At each monthly inspection, or oftener 
if considered necessary, the 10 TT measure- 
ments are taken at as many places in the 
rope as may be desired, and these measure- 
ments are tabulated in the form shown in 
Figure 5. 

At each succeeding inspection the mea- 
surements as obtained are noted at the 
exact position measuring from the skip. 
Accordingly, if between two inspections the 
rope has been shortened, a new line is 
drawn underneath the one previously in use 
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LIFE OF WIRE DRUMS). 



No. 



I 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 



21 
22 
23 
24 
25 
26 
27 
28 

29 
30 
31 
32 
33 



Quality of 
Steel and 
Construc- 
tion of 
Rope. 



Crucible 



f» 



Plough 



99 

If 

r» 
t» 
»» 
»t 
ft 
»» 
»» 
tf 
tf 
tf 
»» 
»» 
ft 
ft 

»* 



Breaking 
Stress of 
Steel per 
sq. inch in 
2,000 lb. 
tons. 



»» 
tf 
tf 
>t 
»» 
»» 
It 
tt 

»» 
)f 
*i 
ft 
ft 



95/100 
95/100 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 

112/123 



Breaking 

Stressed 

Rope in 

2,000 lb. 

tons. 



84-67 
84-67 
102-06 
102 06 
102 06 
102 06 
102-81 
102-81 
102 06 
102-06 
102-81 
102-81 
102-81 
107-86 
107-85 
107-85 
102-06 
102-06 
102-81 

102-81 



o 

I 

1 

I 



5in. 



tt 
»» 
*f 
ft 

9t 
»» 
ft 
tt 
$f 
tt 
tt 
f» 
tt 
tt 
tt 
It 
II 
ft 

19 



Weight 
of Rope 

per 
100 feet. 



lbs. 
425-41 
425-41 
406 
406 
406 
406 
404-75 
404-75 
429 
429 
407-96 
407-96 
407-96 
422-54 
41317 
422-31 
407 
407 
419-39 

419-39 



131 . 

131 

112/123 

112/123 

112/123 

112/123 

112/123 

112/123 

112/123 
112/123 
112/123 
112/123 
112/123 



120-6 

120-6 

102-06 

102-06 

102-81 

102-81 

107-85 

102-81 

102-81 
102-06 
102-81 
102-81 
102-81 



tf 
ft 
tt 
ft 
tt 
It 
tt 
ti 

)* 
tt 
It 
tt 
It 



4171 

417-1 

411-03 

411-03 

417-85 

417-85 

429 19 

420 

416-5 
409-81 
420 
414- 9 
41419 



'2 Why Uken off. 



J®? :k)ndemncd. 



f * 
It 
tt 
It 
ft 
ft 
>» 
»» 
It 
tf 
»• 
ft 

!» 
tf 
If 
>) 



1,1< 
1,1< 
1,1( 

1,0( 
1,0( 
1,0( 
1,0( 
1,0( 
1.0( 
1,0( 
1,0( 
1,0( 

i,ic 

1,K 

i,ic 
i,u 

}*|J loisting stopped in 
^'l^this shaft 31/7/09. 



>> 



»» 



»» 



>t 



It 



f ) 



IJondenined. 
l,o(. 

1,6C 

1,4£ 

1,6^ 
1,6J 

J»55 Taken off, and re- 

1>«^ placed 2/10/10. 

, ^, Condemned. 
1,6( 

1,6( 

^*^[ (At present in use) 



>> 



It 



Stretch 

whilst 

in 

use. 



ft. in. 

30 

30 

11 9 

11 9 

16 9 

16 9 



7 

7 

4 6 

4 6 

13 

13 

9 6 

9 6 

15 

9 

15 



^^^-^^ « , J A 1 aken off and put on 

NOTE.— Rop33 mirk<2d A are ovorh [ Qf i J04 hours. 
NOTE. — An average maximum aoc3[ 
calculating the actual factor of 
Total loads hoisted ... 34 



same 



use 



•I 22a. 




12 


9 


12 


9 


12 


9 


12 


9 


12 


6 


12 


6 


12 





12 





10 





10 





3 





3 





10 


6 


10 


6 



Pence. 
•013 
•013 
•014 
•014 
-016 
•016 
•009 
•009 
•010 
•010 
•006 
•005 
•005 
•005 
-007 
•007 
•015 
•015 
•007 

•007 






Pence. 
•147 
•147 
•150 
-160 
•163 
•163 
•092 
•092 
-097 
•097 
•048 
•048 
-050 
•058 
4>77 
-075 
•161 
•161 
•079 

•079 



•Oil 
•Oil 
•019 
•019 
•007 
•007 
•Oil 



•006 
•008 



-172 
-172 
-273 
•273 
•121 
•121 
180 



•095 
•120 



•J'. 



LIFE OF WIRDRUMS). 



No. 


Quality 
of Steel 

and 
Construc- 
tion 
of Rope. 


Breaking 
Stress 
of 
Steel per 
sq. inch 
in 2,000 
lb. tons. 


Breaking 

Stress 
of Rope 
in 2,000 
lb. tons 


1. 
II 

1^ 


Weight 
of 

Rope 
per 100 

feet. 


Ul 
Mis 
(ted, 
and 

Bf. 


Why taken 
off. 


Stretch 
whilst 
in use. 


Cost per load per lOol 
feet of Rope in use. 1 


Cost per load per length 
of Rope in use. 










Inch. 


Lbs. 






Ft. ins. 


Pence. 


Pence. 


1 


Crucible 


95/100 


84-67 


5 


442-40 


62 


Condemned 


20 


•0078 


•117 


2 


»f 


95/100 


84-67 


5 


442 40 


IG2 


t» 


20 


•0078 


•117 


3 


Plough 


112/123 


102-81 


5 


401 


ni 


>> 


15 


-006 


-078 


4 






112/123 


102-81 


5 


401 


ni 


9t 


15 6 


-006 


•078 


5 






112/123 


102^ 


5 


428-61 


n4 


99 


16 


•006 


-083 


6 






112/123 


102^ 


5 


428-61 


&14 


» 


16* 


•006 


•063 


7 






112/123 


107-85 


5 


421-30 


IBS 


»> 


19 1} 


-005 


•067 


8 






112/123 


107-85 


5 


421-30 


S83 


99 


19 H 


•005 


•067 


9 






112/123 


107-85 


5 


424-30 


J270 


»» 


15 


•012 


•151 


10 






112/123 


107-85 


5 


424-30 


|579 


9* 


20 9 


•006 


•078 


11 






112/123 


107-85 


5 


423-59 


619 
122 


f» 


14 


-003 


•046 


12 


' 




112/123 


102 K)0 


5 


403-08 


>» 


14 9 


•006 


•104 


13 






112/123 


102-06 


5 


40308 


075 


l> 


13 6 


•007 


•095 


U 






112/123 


102 06 


5 


412-58 


^40 


*t 


8 


•Oil 


•152 


15 






112/123 


102-06 


5 


412-58 


»640 


»> 


7 


•Oil 


152 


16 






112/123 


107-85 


5 


422-51 


,103 


»» 


12 9 


-006 


•074 


17 






112/123 


107-85 


5 


422*51 




At present 
in use. 


. 






13 




«■■■■■ 


112/123 


107-85 


5 


425-32 




>» 









Note.— An average ma: '^""^^y* ^^^^> hoisting 

calculating the aotil . , ^ 

^ inderlay on Drum. 



LIFE OF WIRE ROPES 



No. 



1 
2 
3 

4 
5 
6 



Quality 

of 

Steel and 

CSonBtruotion 

of Rope. 



Breaking 

Stress of 

Steel per 

sq. inch 

in 2,000 lb. 

tons. 



Plough 



Mild 

Siemens 

Martin 



8 

9 

10 

11 

]2 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 

35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 



>» 



Plough 



tt 



♦ > 



»» 


112/123 


• ♦ 


112/123 


•» 


112/123 


»» 


112/123 


» ♦ 


112/123 


»« 


112/123 


t» 


112/123 


»« 


112/123 


»f 


112/123 


Crucible 


95/100 


y> 


95/100 


*f 


95/100 


»» 


95/100 


• > 


96/100 


»♦ 


95/100 


• » 


95/100 


• ♦ 


95/100 


♦ ♦ 


95/100 


»t 


95/100 


tt 


95/100 


Plough 


112/123 


Crucible 


95/100 


Plough 


112/123 



112/123 
112/123 
112/123 
112/123 
112/123 
112/123 



112/123 
112/123 

112/123 



112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112123 
112/123 
112/123 



Breaking 
Stress of 
Rope in 
2,000 lb. 
tons. 



74-59 
74-59 
77-61 
77-61 
77-61 
77-61 



77-61 
77-61 

77-61 

77-61 
69-45 
69-45 
77-61 
77-61 
77-61 
77-61 
69-45 
69-45 
78-62 
78-62 
63-50 
63-50 
78-62 
78-62 
78-62 
78-62 
78-62 
75-60 
75-60 

102-81 
78-62 

102-06 

102-81 
102-81 
107-85 
102-81 
102-81 
107-85 
107-85 
107-85 
102-81 
102-81 
102-81 
102-81 
102-81 
102-81 



Circum- ' Weight 
f erenoe | of Bope 

of I per 
Rope. ; 100 ft. 



Inches. 
1 4* 

H 

4i 

H 

*i 

*i 

*i 

*i 

*i 
4i 
*i 
H 

4i 
4i 

H 

5 
S . 

4i 
5 

5 

5 

5 

< 6 
5 

mm 

5 
5 



5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



306 
306 

306 

306 

311 

311 

307 

307 

307 

307 

310 

310 

407 

407 

312 

312 

407 

407 

402 

407 

407 

425-41 

426-45 

400 

407 

406-62 

404-46 
400-09 
417-84 
405-92 
405-92 
424-22 
418-54 

412-38 
412-38 
411-03 
406-27 
406-55 
421-51 



Length 

put 
into use. 



Lbs. 
283-2 
283-2 
298 
298 
298 
298 



Feet. 
1,686 



»» 
♦» 

»» 
»» 






1,886 






2,220 
1,900 
2,(>00 



»t 



2,185 
2,170 
2,220 
2,200 



♦» 



2,220 



2,220 
2,500 
2,600 
2,600 
2,900 
>> 

2,900 



t » 

» » 



I 



I 



Depth 

hoisted 

from 



Feet. 
1.200 



»» 
»» 
»» 
»» 

»» 

»» 
»> 

»» 



1,400 



>» 




10 




NOTE. — Where left blank records incomplete. 

NOTE. — An average maximum acceleration of 10 feet per second per secoP^d 
for oilculating the actual factor of safety. 

NOTE.— Rope marked thus f put on Skip A and worked 266 hours, taken « on 
Skip B and then worked 1,608 hours, or a totol of 1,874 hoursada 
hoisted, 245,254. Stretch whilst in use 18 feet. Cost per loi^^ 
in use, •012d. Cost per load per length of Rope in use -350 



015 

012 
012 
015 
015 



Cost 
per load 

per 

length 

of Rope 

in use. 



Pence 
-141 
•132 
-066 
■06a 
-053 
•058 



•066 
•066 

-073 

•073 
•116 
•116 
•193 
•193 
-112 
•112 
-111 
-111 
-076 
•076 
-346 
•326 
•132 
112 
-170 
-099 
-170 
•133 
-148 
-173 
•106 
•337 

•215 
•126 
•598 
•401 
•521 

•429 

351 
351 
•438 
•432 



LIFE OF WIRE ROffHITING HOIST) 



No. 



1 

2 

3 
4 

5 

e 

7 

8 

9 
10 
11 
12 
13 

14 

15 

le 

17 
18 
19 
20 
21 
22 
23 

24 

25 
26 
27 
28 
29 

30 

31 



Quality 
of Steel and 
Gonfltniotion 

of Rope. 



Breaking 
Stress of 
Steel per 
sq. inch 
in 2,000 
lb. tons. 



Break- 
ing 
Stress of 
Rope in 
2,0001b. 
tons. 



Flattened 




strand spec. 




flex. Plough. 




Crucible 


95/100 


f» 


95/100 


>> 


95/100 


Plough 


112/123 


»t 


112/123 


Flattened 




itrand crucible 




Crucible 


96/100 


9t 


95/100 


• t 


95/100 


f» 


95/100 


»» 


95/100 


99 


95/100 


99 


95/100 
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95/100 


y» 
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95/100 
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95/100 
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95/100 
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95/100 
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95/100 


Plough 


112/123 
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112/123 


99 


112/123 


*9 


128 
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112/123 
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Extra Cable 




quality 


105 


Plough 


112/123 



09-55 

69-55 
63-50 

69-45 

77-61 



7015 
7015 
7015 
70 16 

70-15 

70-15 

78*62 

84-67 
7318 
84-67 
78-62 
70-16 
84-67 
81-67 

102-81 

102-81 
102-06 
109-0 
102*81 

116r44 

90-96 
102-81 
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» 
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*l 

»• 
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4 
4 



4 

4 
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4 
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Feet 



Condemned. 

A bad i)lecein 

rope 600 feet 

from end. 

Condemned. 

llope stranded 
about 400 feet 
from bottom. 

Too short for 
1,840 ft. level. 
In good condition 
Condemned. 

Damaged 
through accident. 

>» 
Condemned. 

99 

»• 

»> 

Too short for 

2,160 ft. level. 

In good oonditiou 

Condemned. 

Taken off to be 
used as tail rope. 

Condemned. 

»f 

t» 
Accident to 9haft. 

Condemned. 

>* 

>> 

T(to short for 

2.5*20 ft. level. 

In fair condition. 

Condemned. 
f> 



f • 



At present In use. 



38 

26 

20 

23 

24 

27 
40 
47 
43 
41 

43 

48 

46 

55 
39 
49 
22 
30 
49 
61 

31 

37 
34 
36 
40 
36 

65 
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^1 

Is- 
Ma 
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Pence, 
•004 

-007 

-004 
-003 

-017 

•on 

-007 

•008 

•027 
•009 
•008 
•008 
•004 

•004 

•0116 

•008 

•008 

•015 

-0049 

•025 

•004 

•010 

-006 

•014 

-0097 

•008 

-008 

•006 

•009 

•005 



d 

s. 

o 

at 



Penoe. 
•096 

•156 

•090 
•076 

•394 

•252 

•184 

•204 

•708 
•226 
•201 
•206 
•100 

-106 

•336 

•240 

'229 
•431 
•143 
•716 
•121 
•289 
•160 

•399 

•311 
•273 
•258 
-205 
•288 

•176 



NOTE.-Where teft blank rJ ^^'^''"^ '^ 



LIFE OF WIRE 
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Quality 
of Steel 
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struction 
of Rope. 
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14 
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16 
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16 
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19 
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1 
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' Breaking 

I stress of 
Steel per 
isq. inch in 
I 2,000.1bv 
tons. 



95/100 
95/100 
112/123 
112/123 
112/123 
112/123 

112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 
112/123 



112/123 

127 

127 



Breaking 
stress of 
Rope in 
2,000-lb. 
tons. 



o 

S • 

Stf 



Weight 

of Rope Length 

per 100 'put into 

feet. I Use. 



o 
'o 



I 



84-67 
84-67 
102-06 
102 06 
102-81 
102-81 

102-06 
107-85 
107-85 
99-9 
107-84) 
102 06 
102-06 
107 -85 
107 -85 
102-06 
102-06 
107-85 
107 -85 
99-9 
99-9 
102 06 
102-06 
102-81 



102-06 
115-44 
115-44 



I inches. 

i 5 



5 
5 
5 
5 
5 



5 
5 
5 
5 



5 
5 
5 
5 
5 
5 
5 
5 
5 
5 



5 



5 
5 
5 



Lbs. 
426-45 
426-45 
407 -80 
407 -80 
400-&") 
400-85 

407 -80 

422 31 

422-31 

415 

424-30 

404-09 

404-13 

414-14 

414-14 

405 07 

405-07 

422-92 

422-92 

415 

415 

430-34 

404-56 

412-70 



401 -70 
416-66 
416-66 



Feet 
1,100 
1,100 
1,250 
1,250 
1,000 
1,000 

1,100 
1,100 
1,100 
1,300 
1,300 
1,100 
1,100 
1,300 
1,300 
1,450 
1,450 
1,300 
1,300 
1,300 
1,300 
2,100 
2,100 
2,000 



2,000 
1,680 
1,680 



as 

^2 



Feet 
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*t 

>t 
»» 

»» 
»» 

♦» 

1 " 
I ** 

I 9. 

»» 
»9 
»» 
19 
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»» 

" I 

»> I 

>f I 
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,'from 
16/5/1(1 

980 

» » 



e 

CO 

5 



F. 



(4 

OS o 

O »4 



m 

i „ 

3 cS,5S.S 



Pence. 
-034 
•034 
•147 

•027 
•086 



i .IRi 






' 



9 < 



150 
-062 
•764 
•142 
•123 
•123 
•069 
•069 
•188- 
-188 
•061 
•051 
•12» 
•12& 
•247 
-186 
•109 



-164 



" i 



NOTE. — Rope marked thus t put on Skip A and worked 
taken off and put on same skip after a period of 90 d 
worked 4,200 hours or a total of 5,688 hours. Total 
1,049,450. Stretch whilst in use 30 feet. Cost per 
feet in use •0028d. Cost per load per length of rope ir 
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and the skip is moved along a correspond- 
ing amount to that by which the rope has 
been sihortened. Similarly, if the rope has 
been changed end for end between two in- 
spections a new line is drawn and the skip 
goes to the other end of the line. 

• 

By this means it therefore follows that 
all measurements taken can be accurately 
entered on the spot in the rope to which 
they refer, no matter how many times the 
rope has been shortened or changed end 
for end. 

Broken wires can also be entered up 
on this chart, so that the relative positions 
of each fractured wire can be seen at a glance 
with reference to one another. 

A curve can also be plotted, for any par- 
ticular construction of rope with the abscis- 
sae representing 10 TT d measurements 
and the ordinates shewing the theoretical 
breaking strain of the rope due to reduction 
of area. 

The data for this curve will be found on 
page xxvii of the Report of the Rope and 
Safety Catch Commission. 



From the Journal of the Sovth African 
Institute of Engineers,.., {Extract.) 

Vol, IX,, No. 7, 1911. 



THE KIMBERLEY SYSTEM OF HAND- 
LING LARGE QUANTITIES OF 
GROUND IN THE MINIMUM OF TIME, 
WITH NOTES REGARDING THE LIFE 
OF WIRE ROPES. 



Paper by Mr. Alpheus F. Williams. 



WIRE ROPES. 

An important problem in connection with 
the hoisting of large quantities of ground 
is the question of the life of hoisting ropes. 
Unfortunately it is one of the subjects upon 
which there is not much reliable statistical 
mformation, and even in cases where 
records have been accurately kept for a 
number of years, as has been done by the 
De Beers Company, the results obtained 
from ropes of the same construction, sup- 
plied by the same maker, and working 
under exactly the same conditions, vary so 
considerably that no definite conclusion 



can be arrived at as to the life of any par- 
ticular rope. 

(Vide 5 Tables regarding the Life of 
Wire Ropes.) 

Generally speaking, the factors which 
affect the life of a rope at the Kimberley 
mines are : — 

(1) The initial strength of the rope. 

(2) The personal element, which includes 

possible initial damage to a rope by 
persons handling the rope before it 
is put into use, and ako possible ex- 
cessive stresses caused by careless- 
ness on the part of the drivers. 

(3) Chemical deterioration. 

(4) Shocks. 

(5) Stability of the rope in the shaft dur- 
ing winding operations. 

(6) Surface wear of the ropes on the 
drums. 

(7) Internal wear between the different 

elements of the rope. 

(8) The design and lay out of the hoist- 

ing machinery and headgear. 

INITIAL STRENGTH OF THE ROPE. 

Taking these headings in order, the first, 
namely, the initial strength of the rope, is 
one of considerable importance. In all de- 
vices for carrying weights the engineer usu- 
ally falls back upon his old friend, ** the 
factor of safety " to make things secure. 
In the case of ropes the initial factor of 
safety varies considerably in different locali- 
ties, and which is the most economical 
factor to adopt is perhaps a matter for ex- 
periment for each particular mine. An in- 
crease in the initial factor of safety over and 
above that which is considered absolutely 
necessary does not necessarily mean a more 
economical rope. Increase in factor of 
safety up to certain depths may be obtained 
either by the adoption of higlher tensile 
steel, the diameter of the rope remaining 
the same, or by the selection of larger dia- 
meter ropes without adopting steel of 
higher tensile strength. In each of these 
cases, as might be expected, the initial 
cost of the rope is increased, but whether 
the life is increased in proportion to the 
price is a problem towards a solution of 
which the author hopes to make practical 
experiments in the near future. 

Ropes have been ordered for each of the 
large mines of the De Beers Company. In 
the first case the ropes are being supplied 
of the same diameter, but having steel of a 
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different tensile strength from that of the 
ropes heretofore in use. 

Following upon the results to be obtained 
from these ropes, figures will be obtained 
from ropes of larger diameters, and . it is 
anticipated that some conclusion will be 
arrived at as to which will be the most 
economical factor of safety for the ropes to 
be used at the mines in question. By 
economical factor of safoty is meant that 
factor which, if increased, will add more 
to the cost of the rope than is justified by 
the additional work which the rope will do. 

PEllSONAL ELEMENT. 

All ropes are subject to personal treat- 
ment after reaching the mine. First they are 
handled by the staff whose duty it is to fit 
them in place, and after being put into use 
they are under the personal control of the 
man on the operating platform of the wind- 
ing engine. 

It is impossible to calculate how much 
the personal treatment may affect the life 
of a rope, but the failure of many ropes 
before their expected time can only be ex- 
plained bv concluding that they have had 
some unusual treatment. 

The splicing of the rope may be done in 
such a way as to throw unequal loads upon 
the different strands, and a kink in the rope 
caused during the process of fitting may 
not apparentljj^ do much harm at the mo- 
ment, but may sooner or later reveal itself 
by a local defect. 

Excessive stresses due to bumps, shocks 
or unusual jerks due to drivers doing some- 
thing unusual with their engines, all affect 
the life of a rope. 

Breakdowns of a rope due to the personal 
element causes are naturally difficult to 
trace to their source as the delinquent is 
averse to reporting anything w^hich he 
ought not to have done. In some cases 
the failure of a comparatively speaking new 
rope has been explained by the candid con- 
fession of carelessness or accident by one 
of the workmen, but in others the confes- 
sion which might explain matters is never 
made. 

CHEMICAL DETERIORATION. 

Chemical deterioration, which is a most 
important factor at some mines, is practic- 
ally unknown in the Kimberley mines. 



SHOCKS. 

Under this heading may be classed 
shocks imposed upon the rope by the condi- 
tions of working as distinct from those 
which may be caused by careless handUng 
of the engine. Shocks of any sort, no 
matter from what cause, are detrimental 
to the life of a rope. A shock may be 
given to a rope by a high initial rate of 
acceleration of the load, by variations in the 
rate of speed during the hoist, by want of 
uniformity in the turning moment of the 
engine, by the skip running into and out of 
the tipping device at the surface, by the pos- 
sibility of starting the trip with a slack rope, 
and by other causes. Some of these causes 
may be classed as belonging to the personal 
type. High rate of acceleration, the rate 
of tipping and righting the skip and slack 
rope at the beginning of the wind are en- 
tirely under the control of the engine driver. 

All drivers in the employ of De Beers 
Company have instructions to take tip all 
slack on their rope during the period re- 
quired to fill the skip. 

STABILITY OF THE ROPE IN THE 

SHAFT. 

To hoist a load by means of a rope with- 
out making it take up some vibration during 
the trip is practically impossible. During 
each trip when .the load is initially sus- 
pended it follows as a matter of course that 
there is a stretch in the rope, the amount 
of stretch depending upon the weight lifted 
and upon the elasticity of the rope. The 
weight when suspended is naturally in a 
state of unequal equilibrium, as far as up 
and down motion is concerned, any force 
acting on the load in a vertical direction sets 
up vertical displacements of a harmonic 
nature, and causes the well-known pump- 
ing action on the skip. During the hoist- 
ing trip variation in the turning motion of 
the engine, variations in the rate of accel- 
eration, etc., all tend to produce this action. 
When the trip is commenced, and conse- 
quently when there is a long length of rope 
hanging in the shaft, this pumping action 
will probably have little detrimental effect, 
but during the trip the pumping motion 
which would do little damage to a long 
rope, has to be taken up by a length which 
is rapidly diminishing, and it is reasonable 
to assume that the stresses in the rope 
from this cause increase as the load nears 
the surface, owing to the volume of the 
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rope, and consequently its resilience becom- 
ing small. 

Another evidence of unstability of a rope 
is the appearance of transverse or bow- 
string vibrations which always appear in a 
rope under hoisting conditions. These 
vibrations which are usually slow when the 
hoist commences rapidly increase in num- 
ber and decrease in amplitude as the sur- 
face is approached. 

Vibrations, no matter whether of the 
pumping or the transverse type, will affect 
the life of a rope. 

' 4 

An interesting point in connection with 
vibration in a rope, confirmed by Kimberley 
experience, is the fact that there is a criti- 
cal velocity for each length of rope at which 
these vibrations become absolutely danger- 
ous. At Kimberley mine, if the hoisting 
engine is run at a certain speed below the 
normal it is possible to make the rope flap 
from side to side of the hoisting compart- 
ment. Below and above this speed the 
disturbances are not excessive. 

All vibrations in a rope, whether trans- 
verse or in the direction of the length, have 
a tendency to impair the elasticity of the 
steel with the result that crystallization of 
the material and brittleness manifest them- 
selves. This deterioration governs the life 
of ropes on the Kimberley mines, all hav- 
ing to be rejected, not on account of wear as 
it is generally understood, but by the break- 
ing of individual wires. These broken 
wires reveal themselves in positions which 
are distributed all over the length of the 
rope, but more particularly in that portion 
immediately above the skip. 

This latter defect necessitates the provi- 
sion initially of sufficient rope on the drum 
to enable short lengths to be frequently cut 
off immediately above the skip. 

Experience would prove that the ropes 
have a life which is limited by the number 
of shocks they are able to withstand, or in 
other words to the number of trips the skips 
make. At Wesselton, Bultfontein and 
Butoitspan mines about eighty trips per 
hour are made, although at times it has 
been as high as ninety-four. At these 
mines the skips have recently been altered 
so as to increase the capacity from eight to 
eleven tons. This alteration has made 
little or no diffedence to the time required 
for the wind. Consequently, the ropes 
which now hoist about 37 per cent, more 



ground per trip than formerly, are subject 
to no greater number of shocks per day. 
The statistical information gathered so far 
does not cover a period long enough to 
establish exactly what the results are, but 
it certainly does point to the fact that the 
life of the rope — measured by quantity of 
ground hauled — will be increased. 

In connection with tihe above remarks 
regarding the critical speed of a rope, it 
might be added that from time to time min- 
ing regulations are laid down as to the 
proper speed of winding. It might happen 
that for some particular shaft the regulation 
speed might be at or near a critical speed. 
If this does happen, then a restriction — 
the object of w'hich is to ensure safety — 
may possibly be dangerous. 

At Wesselton, Bultfontein and Butoits- 
pan mines the engines are designed to haul 
from much greater depths than they are at 
present hauling from, and it is just possible, 
that as greater depths are reached, flapping 
troubles may appear if the present speed of 
hoisting is adhered to. 

SURFACE WEAR OF THE ROPE ON 

THE DRUM. 

Ropes, after being in use some time, 
begin to show signs of wear on the outside 
strands. If the rope coils on the drum 
without any slipping, and there is no slip- 
ping on the headgear sheaves, it would be 
difficult to explain this wear, as it is im- 
possible for wear to take place between two 
bodies luiless there is a relative motion be- 
tween the two. Direct slipping on the 
headgear sheaves, which probably exists to 
a small extent, might explain some of the 
wear, but it is only the inertia of the sheave 
preventing it responding immediately to 
change of velocity in the rope which 
causes this relative motion, and the author 
is of opinion that this is not great. 

Another cause of wear between rope and 
drum or rope and sheave is tlie well-known 
screwing or twisting action which takes 
place as the rope is pulled over the surface. 

It has been noticed at the Kimberley 
Mines that after each round trip of any skip 
the top of the headgear sheave carrying 
that skip has advanced towards the engine 
by a certain definite amount. This is re- 
peated during every round trip. This mo- 
tion varies in amount at the different mines, 
and, curiously enough, measured on the cir- 
cumference of the sheave, it corresponds 
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exactly to the stretch given to the rope 
when the load is applied. This would 
appear to be the amount of creep expect'ed, 
because when the load is hoisted a greater 
length is hauled over the headgear sheave 
than is lowered over it when the empty 
skip descends. This fact of stretching 
and contracting of a rope during hoisting 
and lowering respectively will explain one 
of the reasons why a rope wears itself on 
the drum of the engine. The rope is coiled 
on the drum in a stretched condition, and 
during the uncoiling or lowering period the 
rope leaves the drum at its circumference 
with less tension than it has during the 
winding process. This allows the rope to 
crawl back on the drum during the whole 
time of lowering; in other words, it is short- 
ening itself on the drum during the lower- 
ing period by an amount exactly equal 
to the amount of stretch, during the 
hoisting period. This can easily be 
demonstrated by a small model of a drum 
with a hoisting cord of ordinary elastic. 
This peculiar crawling action will also ex- 
plain the excessive wear which takes place 
on the outer rings of a Whiting Hoist. The 
Kimberley Whiting Hoist was initially 
fitted with solid wooden rims in the wheels, . 
but endless trouble was experienced by the 
wear of the wood. A section of the origi- 
nal rim is exhibited to show this. In a 
Whiting wheel this wear of course is more 
manifest on the wheel than on a parallel or 
conical drum, as the action is confined 
within narrow widths, but as far as the rope 
is concerned the wear will be the same on 
any hoist. 

In hoists where it is necessary to have 
two or more coils of the rope, then this wear 
after the first coil is laid, takes place be- 
tween rope and rope as well as between 
rope and drum. 

Care should be taken that the groove in 
the sheave wheel is always of the proper 
radius to receive each new rope. 

INTERNAL WEAR BETWEEN THE 
DIFFERENT ELEMENTS OF THE 

ROPE. 

Internal wear between the different ele- 
ments of the rope always manifests itself. 
This may be accounted for by the fact that 
an the rope necessarily has to bend round 
the sheaves and the drum, there must be 
relative motion between the several parts so 
as to accommodate themselves to the curva- 
tures. 



THE KIMBERLEY SYSTEM OF HAND- 
LING LARGE QUANTITIES OF 
GROUND IN THE MINIMUM OF 
TIME, WITH NOTES REGARDING 
THE LIFE OF WIRE ROPES. 



Paper Read by Mr. Alpheus F. Williams. 



(Published Vol. IX., No. 7.) 

Author* 8 Reply to Discussion. 

******* 

The author expected some criticism on 
the term ** Factor of Safety," and that is 
why it is printed in inverted commas in the 
paper. He agrees that a higher factor of 
safety does not necessarily mean a higher 
degree of safety, and his experiments on 
higher tension steel ropes would appear to 
prove this to some extent. 

******:!( 

The formula used in determining stress 
due to bending is the well-known Seder- 
holm formula. 

In reply to one question the author would 
say that the use of tapered ropes has not 
been considered. 

Another questioner asked for the factor of 
safety at which ropes are condemned. As 
a rule ropes at Kimberley are condemned 
when they show an excessive number of 
broken strands, and not as a result of any 
test to determine the factor of safety. 
Recently a rope failed and yet the result. of 
a test on a portion of the rope indicated 
that it was practically as good as when it 
was first put on. 

The results of experiments on higher ten- 
sile steel ropes are submitted herewith. 

The author cannot say that there is any 
marked difference in the life of ropes be- 
tween those used on the Whiting hoist and 
others used on drum hoists. The number 
of loads hoisted, taken in conjunction with 
the distance hauled, would indicate that 
there is not much difference either way. 
The cost per load for 100 feet in use as 
indicated in the tables works out practically 
the same in both cases. 

One critic disagrees with the remarks 
regarding the creep of the rope on the 
drum, but the author is of opinion that this 
does occur. On all of the Kimberley drum 
hoists which have plain smooth drums the 
tendency is for the rope to wear- the drum 



lal Brealj 
ng Load of! 
Etope per sq* 
»r as li 

r's Mak^ 

%te. Certifi^ 

I 



ton 
102 

102 

100 

. 100- 

100 

Iwn Not ki 

123 

! 123 

iB^n Not kn 

prn Not kn 

; I 123 

117 

123 

123 



132 91 
123 
123 
117 

123 
123 

112 

112 



130-5' 
130-5' 



* --- 



11 



wire Ropat for Holttlrig/ 



219 



into a spiral, in some cases the depth of the 
groove worn is almost one-eighth of an inch. 
The rope cannot wear the drum away in 
this manner without at the same time wear- 
ing itself. 

As to whether there is slip and wear be- 
tween the rope and the headgear sheave, 
the author has made experiments to deter- 
mine the co-efficient of friction between the 
rope and the sheave. This experiment was 
made primarily to determine the driving 
effect of the Kimberley Mine Whiting en- 
gine, where the rings of the sheaves on the 
crankshaft are tightened hard to prevent 
them from slipping, and where the rings in 
the idler pulley are left loose and act simply 
as guide pulleys. The experiments give 
definite ratios between tight and slack side 
of the rope when slipping takes place and 
also gives a uniform co-efficient of friction 
between rope and pulley. Knowing these 
particulars and also the inertia of the head- 
gear sheave, etc., it is a simple calculation 
to prove whether or not it is possible for 
the rope to slip under the acceleration con- 
ditions which prevail in ordinai-y practice. 



From the Journal of the South African 
Institution of Engineers. — Vol. X., 
No. 9, 1912. 



NOTES ON THE MARGIN OF SAFETY 

liEQUIRED BY GOVERNMENT FOR 

MAN HAULAGE AT GREAT DEPTHS. 



Paper by Mr. R. B. Greer (Member.) 



To he read April 20th, 1912. 



At present the Transvaal Government 
require a margin of safety of six for man 
haulage. This means a margin of safety 
of seven when the rope is new, so that when 
the rope wears a little it will keep at or 
above the Government requirements. 

Now this safety margin was generally 
adopted as far back as 1877, when winding 
at great depths was not the common prac- 
tice it is now, and the reason for it was, 
from the experiments then tried, this mar- 
pin was found to be necessary. The follow- 
ing is one of the tests carried out in 1877 : 



Weights ascertained by Dynamometer of 
Cage and Four Tubs of Coal at " A " Pit, 
Hebbum Colliery, 13th September, 1877: 

Tons.Cwt. 
Cage and full Coal Tubs (Tubs 

weighed on Machine) 5 1 

Cage and full Coal Tubs lifted 

gently 5 3 

Cage and full Coal Tubs as if 
Coal work and with 3^^ slack 
chain 8 10 

Cage and full Coal Tubs as if 
Coal work and with 6'' slack 
chain 10 10 

Cage and full Coal Tubs as if 
Coal work and with 9^ slack 
chain 12 10 

It will be seen from the foregoing that 
with nine inches of slack chain above the 
skip and the driver starting fairly quickly 
a strain was on the rope of about 2^ times 
the actual load. 

Now what the writer contends is that 
for depths of over three thousand feet a 
slackness in the chain at the top of the cage 
or any other cause giving a sudden jerk 
would not if tested with dynamometer at 
the top of the shaft give anything like these 
surprising and alarming results, because the 
elasticity of the rope would take up the 
effects of any sudden strain; therefore a 4J 
margin gives a greater margin of safety at 
4,500 feet than a six margin at, say 20 
feet from the shaft top, and it would be 
advisable for the Government to modify the 
present six margin of safety by a sliding 
scale after a depth of 2,50(ror 3,000 feet. 

Any of you will know that in quite a 
number of mines on these fields the weight 
of rope in the shaft is at least equal to the 
weight of skip and rock together. 

The tendency of Mine Engineers at pres- 
ent is to each year require higher and higher 
tensile strength of steel from the manufac- 
turers in order to be able to haul heavier 
loads without increasing the weight of the 
rope. While makers have cautiously ad- 
vanced to meet the demand for good high 
tension steel, yet there is a grave danger in 
going to too high tensile strains. 

At present, I should say that 145 short 
tons steel for wire« over '1 inch in diametei* 
is the liighest that can safely be given, as 
above that, no matter how good charcoal 
Swedish iron is used in the manufacture 
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of the steel, the wire has to have too much 
carbon in it, and is punished by being 
drawn to such a high pitch that* there is 
great risk of its growing very brittle and 
short after a few months' wear, and never 
showing to those using the rope that this is 
the case.. 

The writer, believes it. would be much 
safer to lower the margin of safety in wind- 
ing from great depths rather than adopt the 
present manner of getting over the large 
weight of dead rope to be carried, by going 
in for very high breaking strain steel. In 
general support of the contention of this 
paper, you will find that any ropes which 
break in a shaft, do not do so when there 
is a long length of rope out and the margin 
of safety is at its lowest, but break when 
the cage is nearing the top of the shaft and 
when the margin of safety is highest. 

This paper has been read to open a dis- 
cussion on this question and get the opinion 
of our learned and weighty men in engin- 
eering circles on the Rand concerning this 
important subject. It is not written after 
consultation with the firm of manufactur- 
ers the writer represents, but is entirely on 
his own responsibility. 



THE MAllGIN OF SAFETY REQUIRED 
FOR MAN HAULAGE AT GREAT 

DEPTHS. 



Paper by Mr. R. B. Greer. 



(Published Vol X., No. 9.) 



The Chairm.\n (Mr. J. A. Yule) said they 
}iad to thank Mr. Greer for his paper, which 
undoubtedly would lead to considerable dis- 
cussion. 

Dr. W. Glucksman (Associate Member) 
said that, whilst Mr. Greer's paper was a 
short one, inasmuch as it only dealt with 
one question, the point he raised was of 
very great importance and needed very care- 
ful consideration. If the question was dis- 
missed in a few words there was little hope 
of a satisfactory answer being obtained, 
therefore it was essential that all details 
connected with the stresses and strains that 
ropes were subjected to should be fully 



examined. Only then would a final and 
satisfactory determination be arrived at as 
to whether it was or was not permissible to 
reduce the factor of safety. He was in- 
clined to think that Mr. Greer was correct 
in his assumptions, though it was certain 
that objections would be lodged against 
lowering the factor of safety, because so 
many Hves were dependent upon hoisting 
ropes, and it would be held that the pro- 
posed reduction would lead to unwarrdat- 
able risks being incurred. The fact lu.^t 
other Governments still maintained a fac- 
tor of six would obviously be quoted. Ho 
hoped that our eminent engineers would 
fully discuss the matter. 

On one occasion the speaker had to make 
calculations for a proposed hoist to serve a 
compound shaft 2,180 ft. vertical depth, 
2,368 ft. on a 28^ incline, and 284 *ft. on 
a 350 incline. The proposed maximum 
hauling speed was 3,500 ft. per minute. 
The total pull on the rope, as a maximum, 
was 11 tons, taking a rope If" diameter; 
therefore if a factor of safety of seven was 
adopted the breaking strength of the rope 
had to be 77 tons. Ropes ifor this ultiniaie 
load were procurable, but one was led to 
consider whether such strength was actually 
required. The greatest difficulty which 
the speaker met with was in deteniiining 
what the stress or load would be when tlie 
cage was passing the bends. He was of 
opinion that the greatest stress on a rope 
occurred when the load was being retarded, 
and not during the acceleration period. 

Having very carefully considered the 
various points he arrived at the same con- 
clusion that the author of the paper 
reached, and was of opipion that the factor 
of safety for long ropes could be reduced 
without danger. As a result of his investi- 
gations he considered that the following re- 
ductions could be made: — 

Percentage 
For depths of Reduction. 

600 feet 3% 

1,000 feet 5% 

1,5?)0 feet 8% 

2,000 feet 19% 

3,000 feet 34% 

4,000 feet 47% 

4,500 feet ! 56% 

5,000 feet 62% 
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Mr. J. A. Vaughan (Past President) said 
Mr. Greer had not introduced a new sub- 
ject, although, personally, he would be 
tliankful if new light could be thrown upon 
it. The matter was pretty exhaustively 
studied by the Commission appointed by 
the Government some six years ago, and, 
after correspondence and evidence had been 
received from engineei-s, not only on the 
Hand but from all parts of the world, the 
Commissioners were unable to recommend 
a reduction of the set factor of safety of 
six for the hauling of persons. It was sig- 
nificant to note that no lower factor than 
this had ever been used for the hauhng of 
rock. As an engineer who had looked 
into the question, the speaker had always 
thought that a trial with rock hoisting was 
the best method of finding cut whether the 
factor of safety now adopted for raising and 
lowering persons was correct. The speaker 
was in favour of a lower factor at great 
depths. He did not know whether Dr. 
Glucksman had read the paper which he 
once wrote on the subject; roughly the re- 
sult he had arrived at was this: — " When 
speaking of the. kinetic shocks created by 
stopping during the lowering of a load by 
a rope, for every one foot velocity per 
second created, a stress of nearly one ton 
per square inch was established, the stress 
varying directly with the velocity that was 
suddeulv killed or created." This formula 
fairly well agreed, he believed, with the 
time worn statistics which Mr. Greer 
brought out, and which he had seen in 
nearly every rope-maker's catalogue he had 
looked at. When they subjected these 
figures to a little analysis and imagined the 
engine started up suddenly in every case, 
and, by taking account of an increasing ac- 
celeration, found out the velocity likely to 
be created by these lengths of slack, and 
applied the rule he had given, he believed 
they would find this rule and the figures 
fairly well agreed, but, unfortunately, they 
never knew whether, in the tests men- 
tioned, the dynamometer was at the top 
of the shaft or the bottom, or how deep the 
shaft was. No very great illumination 
had ever boon thrown on the actual tests. 
He had never had any clear opinion as to 
their authenticity; he did not know 
whether they were ever authoritatively pub- 
lished in the Journal of a scientific institu- 
tion. Before accepting these figures as 
facts thev must know the conditions of the 



tests, and who conducted them, and under 
whose auspices they were published. 

Mr. E. J. Laschikger (Past President) 
agreed with Mr. Vaughan that the subject 
was not a new one, although, at the same 
time, they owed Mr. Greer their thanks 
for having again brought the matter up for 
discussion. He thought the value of that 
discussion would lie in the fact that some 
new light would be thrown upon the sub- 
ject, some new information gained which 
would take them further on the road to the 
solution of the winding rope problem. He 
considered that every engmeer in the em- 
ploy of the Government, or, in other words, 
cf the public, who was concerned with the 
drafting of regulations for safeguarding the 
lives of the workers, must be verj' cautions. 
All the civilised countries of the world, when 
framing engineering regulations, enquired 
what other countries had done, and it was 
a safe and a sound policy to pursue. If 
the factor of safety was reduced and any 
accident happened there would undoubtedly 
be a great outcry and the blame would be 
put on those who drafted the regulations. 
A point which he thought weighed largely 
with those responsible for the regulations, 
and also with all engineers who had to do 
with the mining industry, with regard to 
lopes was, presuming the factor of safety 
was lowered, what effect would there be 
on the life of the rope, taking into consider- 
ation the many shocks and strains which a 
rope is subjected to? They knew they 
needed a good reserve. They could take 
an analogy from cam-shafts in stamp mills. 
For years the speed at which stamps dropped 
had been practically the same. As a result 
of experience with cam-shafts, the drop of 
the stamps was regulated from 86 to 98 
per minute. A few years ago metallurgists 
and engineers thought that by increasing 
the number of drops to 100 they would be 
able to crush 4% more rock. It was soon 
found, by those in charge of the mills, that 
cam-shaft breakages in the mill increased to 
an alarming extent. At first it was 
thought it was due to the mills being old, 
and the breakages were considered unavoid- 
able, but the same experience was found in 
new mills, and it was established that an 
increase in the number of drops per minute 
at once caused trouble in the mill. Those 
who had to do with electrically driven mills 
found that if the electric motor were 
speeded up trouble arose in the mill at once. 
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The same kind of thing had happened in 
regard to ropes, because a rope was not a 
body that hauled a load along in an even, 
smooth manner; it was a body which was 
in a continual state of intense vibration, 
and it had always been a great surprise, to 
the speaker that ropes lasted as long as 
they did. The subject was not a new one 
by any means. A great deal of work had 
been done in connection with it in the 
Transvaal, and he believed almost every 
one there had had an opportunity of giving 
evidence before the Commission which sat. 
Until they got some new facts and new 
experience to go upon, he did not think they 
could get much further forward in the mat- 
ter by reducing the factor of safety. 

Mr. OsTREiCHER said he had a little in- 
formation with regard to static structures 
which he might give them. The modulus of 
elasticity of a bar under impact was much 
greater than when it was under steady 
stress. He had read of experiments which 
showed that a steel bar having a static 
breaking stress of 45 kilogrammes per 
square millimetre could stand an impact 
stress of 40 kilogrammes without showing 
any permanent elongation. This meant that 
the limit of elasticity rose to about double 
what it was under static loads. They knew 
that a bar ruptured by stresses due to ex- 
plosions stretched about twenty times as 
much as a similar bar under a static ruptur- 
ing load. 

Mr. Vaughan said that, following on Mr. 
Ostreicher's remarks, he would like to refer 
to the experiments obtained from a great 
number of accidental breakages of ropes 
that had occurred here. The phenomena 
were precisely similar to those of an ordin- 
ary tension test — that is to say, there was 
just a local elongation at the point of frac- 
ture. He had seen it occur, not only at the 
points where the wires actually broke, but 
at other points. These phenomena also oc- 
curred sometimes with an ordinary static 
tension test. He had a fatigue testing 
machine at the laboratory which bent and 
torsioned the wire and subjected it to ten- 
sion at the same time, and in this case be- 
fore the wire broke it was drawn down to 
nearly half its original section. They could 
almost look upon the machine as a wire- 
drawing machine. Under impact, however, 
they would find that materials failed very 
similarly to what they did in an ordinary 
laboratory tension test. On the other hand 



he had found whilst testing blocks of 
cement under impact, the load falling on to 
the -test piece, under conditions which would 
normally be expected to produce a com- 
pressive stress, that the sides of the cubes 
were forced apart, in fact a cone was formed 
at or about the point of impact, and the 
specimen ruptured under tensile and not 
under compressive stress. 

THE MAKGIN OF SAFETY liEQUIKED 
FOR MAN HAULAGE AT GREAT 
DEPTHS. 



Paper by Mr. R. B. Greer. 



{Published Vol. X, No. 9.) 



(Continued Discussion.) 

Mr. T. Tregaskis said they were all very 
much obliged to Mr. Greer for bringing this 
matter up again, because the question of 
ropes was one they had always with them. 
What Mr. Greer had particularly dealt with 
was the winding of men from considerable 
depths, but he did not seem to have noticed 
that the regulations permitted them to wind 
minerals from considerable depths without 
laying down any factor of safety, and, be- 
fore they made any representations to the 
Government to make any alteration in con- 
nection with the factor of safety for men, 
it was necessary for the mines to bring for- 
ward some information with regard to their 
experience of the hoisting of minerals at a 
lower factor of safety than six. They knew 
from Mr. Alpheus Williams* paper that, at 
some of the Kimberley mines, they etai-ted 
with a factor of safety for materials of less 
than six, and that it was rarely they had 
a broken rope. The Kimberley mines, how- 
ever, were not very deep, so that this did 
not convey very much as to the factor of 
safety tliey might require in deep winding. 
Mr. Greer had pointed out that most of the 
breakages of ropes occurred, not when the 
skip was at the bottom of the shaft when 
the factor of safety was least, but when the 
skip was near the top, and it was quite 
possible that this was one of the reasons 
that caused the break in the rope mentioned 
in Mr. Williams' table, Thev needed to 
consider what this factor of safety had to 
cover. There was the question of shocks on 
the rope. He thought from the paper that 
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Mr. Vaughan read some years ago this point 
might almost be disregarded so far as great 
depths were concerned. It was, of course, 
of great importance at shollow depth. 
There were other points which the factor of 
safety had to cover. Of course there, was 
manufacturing factor; they never could be 
certain that the rope was going to be of the 
same strength throughout. There was also 
a very much more serious one ; that was the 
damage done to the rope when it was being 
put on, or the damage done to the rope 
after it was in the shaft owing to some 
minor accident which was not brought to 
the notice of those officials who should 
know about it. There might not be a kink, 
but an elbow might be put into the rope, 
and if so there was no doubt that the high 
side of that elbow became badly worn, say, 
for a distance of 18 to 24 inches, as it 
passed over the sheaves. During the in- 
spection of the rope it was very long odds 
against one being able to note that par- 
ticular length. The factor of safety had to 
cover all occurrences of that sort. If they 
held that a factor of safety of six was neces- 
sary for a short wind, hie did not see how 
they could do without a factor of safety at 
all when they got down to the bottom of a 
deep shaft. In a long rope the chance was 
increased of getting these small minor 
errors in manufacture and the accidents 
which occurred whilst putting it into the 
shaft. That part of the factor of safety 
which was put down to cover shocks be- 
came very much less, so that he quite 
agreed with Mr. Greer that in a deep shaft 
they could do with something less than the 
factor laid down now, but he did not think 
they could cut it down very much, and be- 
fore they could go to the Government and 
ask them to make any great changes, they 
would have to show them what was hap- 
pening to those ropes which they were, 
using with a factor of safety of less than 
nix. It nnist not he forgotten that a broken 
rope in a deep shaft, whether they were 
hoisting minerals or hoisting men, was a 
very dan^jerous thing. It might not only 
rip their shaft timbering to pieces, but they 
might happen to be winding men in another 
compartment and the breakage might cause 
an accident in that compartment also; in- 
deed, if a rope used in hauling rock broke 
in a shaft of great depth it might cause as 
great a loss of life as if men were actually 
being hoisted on it. 



Mr. J. A. Vaughan (Member) said : As 
promised when this paper was read, I pre- 
sent a few more remarks on Mr. Greer's 
short paper. I am personally very pleased 
that Mr. Greer has again brought forward 
the subject of the factor of safety of ropes 
used for winding purposes. 

I regret, however, that Mr. Greer, in 
bringing the subject forward, did not ap- 
parently avail himself of the dat* that have 
been presented either in Blue-Book form or 
in the shape of contributions to the local 
engineering societies. Mr. Greer practic- 
ally accuses us of following blindly a stand- 
ard set up in 1877, a safety standard proved 
to be essential owing to certain shock tests 
carried out at Hebbum Colliery in Great 
Britain at that time. 

I am unaware that these tests have ever 
set the practice in Great Britain, and am 
quite sure that they have not done so on 
the Rand. As far as my knowledge goes, 
the Transvaal Mining Regulations were 
modelled on those existing in the German 
Empire, and the minimum factor of safety 
of six was taken therefrom. 

Eleven years ago, when I started to in- 
vestigate the matter, the values in general 
use in the catalogues of British wire rope 
manufacturers were : 10 for quick winding 
in vertical or steeply inclined shafts, 8 for 
quick winding on moderate gradients, and 
6 for crane work. 

In a paper presented by me to the South 
African Association of Engineers in March, 
1904, it was proved that, for lengths of rope 
weighing less than 0.35 of the load they 
carried, the maximum kinetic stress at the 
upper cross section, due to a sudden stop in 
lowering, increases rapidly as the length of 
rope is shortened, while for a length equal 
in weight to (or greater than) 0.35 of the 
load, the kinetic stress is constant and is 

equal to 3 E ^^- when E is the modulus 

of elasticity of the rope, v the velocity of 
lowering, and V the velocity of the propa- 
gation of stress. As I stated at last meet- 
ing, this formula gives a value of somewhat 
under 1 ton per square inch stress for each 
foot per second velocity killed. 

Arguing from this established theorem, T 
was led to propose for deep-level vertical 
winding the provision of a reserve of 
ptrength in the rope as contrasted with a 
factor of safety. This proposition comes 
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directly from the preceding theorem takea 
in conjunction with the formula for the 
statical stress. 

If W denotes weight of cage, fittings, and 
contents (tons of 2,000 lbs.), L depth of 
winding (feet), a, sectional area of wire in 
the rope, then, allowing 4 lbs. per foot per 
square inch of wire section, the statical 
load on the upper cross section of the rope 
is equal to 
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At a factor of safety of 6, the reserve of 
strength in the ro])0 
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tons 



It will thus be seen how the reserve of 
strength increases with L the depth of shaft. 
It also increases with a, the total cross 
sectional area of the wires. So that we 
were face to face with the *' compound in- 
terest " law which, as you know, depends 
for solution on a logarithmic equation — ^and 
the taper rope. 

Quoting from a paper on kinetic shocks 
on winding ropes presented by the speaker 
in 1904: — 

** Imagining for a moment that 
*' similar loads of (say) 7 tons each — 
** consisting of 6,000 lbs. conveyance and 
** 8,000 lbs. contents — -have to be hoisted 
** from two shafts, one of 1,500 and the 
** other of 6,000 ft. in depth. Suppos- 
ing the ropes used in these two m- 
" stances are of the same grade of steel 
*' (120 tons per sq. in.), then, if they are 
" compared at a time when they each 
" have the minimum factor of safety of 
"6, it will be found that the reserve of 
'* strength in the case of the 6,000 ft. 
*' rope is approximately 2i times that 
*' existing in the 1,500 ft. ix)pe. The 
** latter, when the full skip is at the bot- 
" tom of the shaft, will be loaded to 
" within (say) 45 tons of its breaking 
** load, while the former retains a mar- 
" gin of about 110 tons."* 

Dealing therefore with two of the most 
important stresses that a winding rope is 
subjected to, it was found that the taper 

* Extract from a paper read by Mr. J. A. 
Vaughan, before the South African Association of 
Engineers, on 30th March, 1904, entitled: "An 
Investigation regarding the effect of kinetic shocks 
on winding ropes in vertical shafts." 
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rope appeared to be the panacea for statical 
conditions, but was not required and, as 
could be shown, was not the best solution 
when considering the shocks due to change 
of velocity of winding. As mentioned above, 
the stress due to kinetic shock, aft-er a cer- 
tain moderate depth is reached, is independ- 
ent of the size of the rope or the depth of 
shaft. Looking at the matter practically, 
it is certain that the kinetic stress must re- 
duce at depth. 

Quoting again from the above-mentioned 
paper: — 

'* The following deductions appear 
** justifiable : — 

** (1) Within a certain limit of depth 
from the surface, tliis depth depending 
on the ratio W^/k, a winding -rope is 
stressed more severely than at greater 
depths by a kinetic shock of given 
magnitude. 

** (2) From this limit of depth to the 
surface the stress for a given kinetic 
shock increases as the rope is decreased 
*' in length. 

(3) The portion of winding rope 
nearest to the load {i.e., the portion 
that never winds on the drum) is a part 
that has to bear the sudden application 
of every kinetic stress due to changes 
in the kinetic energy of the load, and 
may be expected to deteriorate more 
" rapidly than other portions of the rope. 

" (4) For all depths greater than the 

dangerous limit the maintenance of a 

" standing reserve of strength in the rope 

** appears a suitable provision against the 

" effects of kinetic shock. 

" In explanation of this deduction, to 
which the writer imagines some im- 
portance attaches, it requires to be re- 
membered that, although the enlarging 
of the rope does decrease the depth of 
the dangerous limit, it does not reduce 
the ki7ietic stress for depths beyond 
this limit. 

*' With a sevon-ton load, if the rope 
were increased from 1.27 in. diameter 
to 1.6 in. diameter, the sectional area 
of the wires would probably be in- 
creased by 50 per cent., the weight per 
foot would also be increased by 50 per 
cent., while the depth of the danger- 
ous limit would be reduced from 1,823 
feet to 1,213 feet — that is, by one- 
third."* 
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Mr. Greer aud I are rather alone in re- 
commending a reduction in the factor of 
safety or in the reserve of strength. 

The Commission appointed by the Trans- 
vaal Government in the year 1905, after 
considering all possible evidence that could 
be adduced, did not advocate a reduction. 
Quoting from the Commission's report: — 

** The Commission has carefully con- 
** sidered this important matter, and re- 
" commends that the present Regulation, 
*' which provides for a Factor of Safety 
'* of 6 as a minimum during the life of a 
*' rope, should be adhered to. No reliable 

statistics were brought forward by any 
*' witness, and none were othenvise 
" available, dealing with the working of 
*' winding ropes at a lower Factor of 

Safety than 6, and the Commission is 
** of opinion that considerable experience 
'* should be obtained with ropes working 
** at lower Factors while hoisting mineral, 

before any departure could be recom- 
" mended for the Transvaal practice. 
" which has been found to be satisfac- 
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Quoting further from the reply to tlie 
discussion on Messrs. Vaughan and Epton's 
paper on wire ropes, the suggestions deal- 
ing with the minimum factor of safety 
were as follows: — 

*'vThe authors wish to thank Messrs. 
Denny, not only for the full considera- 
tion Uiey have given to the paper, but 
also for their offer to submit all the in- 
formation with regard to the practice 
on the mines under their management. 
It is obvious that if others will do the 
same a mass of valuable data will be 
collected, which will be for the benefit 
of the mining industry, in that the pos- 
sible defects in manufacture may be 
recognised, errors in treatment dis- 
covered, and a relative value attached 
to the many deteriorating influences, 
which affect the life of the winding- 
rope. This will all lead to a more in- 
intelligent knowledge of the actual re- 
serve of strength existing in a rope, -as 
well as to the necessity for its being 
there. The arbitrarily fixed minimum 
factor of safety for all cases may then 
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X Extract from the report of a CommiBsion ap- 
pointed to enquire into the use of '* Winding ropes, 
Safety Catches and Appliances in mine shafts," 
Johannesburg, Transvaal, 14th March, 1905. 



'* become a thing of the past, and the ex- 
pense incurred in securing the best con- 
ditions of working may be compensated 
** for by the preferential treatment ac- 
** corded to the best practice. "§ 

My own opinions remain unchanged, ex- 
cept that I am inclined to attach even less 
importance to bending stresses when values 
of the ratio 

g- greater than 800 are maintained, drum 

hoists only being considered and frequent re- 
capping resorted to. The details of rope 
tests on a deep level mine where low fac- 
tors were used are of interest. More such 
data would be very welcome. The ropes in 
question have had eighteen months' hard 
wear, rapid rock winding in a deep vertical 
shaft. Eope, IJ in. diam., 4 in. circum- 
ference. Material, 123 short tons b.s. Total 
load, including weight of i"ope, a little more 
than 14^ tons. 

Hopes of about 80 tons aggregate break- 
ing load, say 72 nett. 
Six-monthly tests: — 

6 n^ths. 12 mths. 18 mths. 
71-3 7012 580 brittle wires. 
72-3 71-3 630 

So that, lately, the apparent statical fac- 
tor of safety in this rope has not been much 
more than 4. However, the portions tested 
would probably only have had each to stand 
a load of 9J tons; so that their statical fac- 
tor would have been over 6. These portions, 
however, from their brittleness, would be 
unsafe in anything but a vertical shaft and 
with steady winding. The statical factor 
of safety at the sheave was probably main- 
tained. Eecapping provides for safety at 
both ends, and the oftener this is done, 
within reason, the better. 

Mr. W. Calder thought that Mr. Greer's 
paper was a sort of despairing cry from the 
maker of wire ropes. Mr. Greer said: *' I 
should say that 145 short tons steel for wires 
over '1 inch in diameter is the highest that 
can safely be given." The whole paper 
seemed to point out that the point of failure 
of the rope was at the skip end, and that 
the best quality of steel was really required 
there, and, as Mr. Vaughan had said before, 

§ Extracted from the reply to discussion on a 
paper entitled : '* Wire ropes used for winding : 
their strength and some causes of its reduction." — 
The Journal of the Transvaal Institute of Mechani- 
cal Engineers, April, 1906. 
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it seemed to imply that a tapered rope was 
necessary. He did uot profess to know much 
about the drawing of wires for ropes, but 
it seemed to him that if they had a varying 
factor of safety in the rope from the sheave 
to the skip, and if at the sheave they had 
a certain breaking stress and a certain 
ductility of the wire, the strength of the 
wire would have to vary tliroughout until 
they arrived at the skip. He did not know 
if it was possible for a rope maker to make 
a rope of this kind. Mr. Greer seemed to 
show that users had asked the rope makers 
now to make a rope which was just about 
the limit of the material, and that, if they 
wished to get a stronger rope, they really 
wanted a different material at the point at 
which the rope broke, w-hich was usually 
some little distance from the skip. It had 
been proved that a tapered rope was not 
successful on these fields, and it had istruck 
him that a rope drawn to different degrees 
of ductility throughout its length might 
])rove suitable for deep winding. It was pro- 
bable that their rope-maker friends could 
tell them whether it was possible to draw 
wires of this kind. 

Mr. Roger Price said that, with refer- 
ence to Mr. VaughanV remarks, be under- 
stood him to say that he considered that the 
bending stresses in a rope depended upon 
the ratio of iJie dia. of sheave to dia. of 
wires in the rope, and that they did not 
amount to very much. He w^ould like to 
ask Mr. Vaughan what he took as the value 
of E in this consideration. He believed that 
the figure had been given by Hrabak, and 
other eminent authorities on tliis subject, as 
twenty millions after the rope had been in 
use for some few weeks, he meant the 
modulus of elasticity of the rope as a whole 
and not of the vyires. 

Mr. Vaughan said he was pleased that 
Mr. Price had put this question because he 
l)elieved he had left out one reserv^ation in 
his statement. He ought to have said he 
was only talking about drum hoists and not 
those other types that resembled rope- 
breaking machines. He considered one 
thousand to one a very good ratio of dia- 
meter of sheave to diameter of wires in 
rope. Ite thought he made it clear that the 
formula 

Eprwas not applicable in -the case of the 
wires in a wire rope. He had only alluded 



to the ratio 



D 



He only mentioned E 



v 



when quoting the fonnula E^ which gave 

the kinetic stress in a rope. 

Mr. ScHMiTT said the remarks made by 
Mr. Vaughan brought to his mind one or 
two points. The two examples given that 
evening as representative of liand practice 
could be largely supplemented if the engin- 
eers on the mines could be induced to give 
them some of the information they were 
known to have. All the information Uiey 
required was available on the Rand if they 
could only get at it. It was a splendid op- 
portunity for engineers to come fonvard and 
tell them what they knew about ropes. 
Another point was that Mr. Vaughan had 
promised a paper on the subject and he 
hoped, as a member of the Editorial Com- 
mittee, that it would come ven- soon. Mr. 
Vaughan had read some extracts from his 
previous paper presented to the South 
African Association of Engineei*8, and he 
advised those who were not members of the 
South African Association to get the printed 
volumes of that societv, as thev contained a 
great deal of useful and intcn-esting matter, 
particularly in connection with the subject 
under discussion. 

Mr. Kenneth Austin said it was a long 
time since thev had had the memorable 
discussion on *' Winding From Great 
Depths.*' Many wire rope makei*s took part 
in that discussion, and they put forward the 
idea of making a rope with various grades 
of hardness. Things had improved a great 
deal sinc^ then in many directions, but he 
did not know whether Mr. Greer could in- 
form them whether the wire rope manufac- 
turers had improved with the times — in that 
direction he meant. 

Mr. GuEER said he did not think that 
maiuifacturei"s were able to draw a wire of 
varying tensile strength and ductility. 

THE MARGIN OF SAFETY REQUIRED 
FOR MAN HAULAGE AT GREAT 
DEPTHS. 



Paper by Mr, R. R. Greer. 



(Confribnted). 
By Dr. Glucksman. 
Mr. J. A. Vaughan was good enough to 
forward to me his very lucid paper, en- 
titled * \n Investigation P»egarding the 
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Effect of Kinetic Shocks on Winding Kopes 
in Vertical Shafts, '^ read at the March 
nieetin«r, 1904, before the South African As- 
sociation of Engineers, as bearing on my 
remarks made on Mr. (Jreer's paper, in 
April last. 

Although Mr. Yaughan*s investigation 
differs from mine, I am pleased to note that : 
some of Mr. Vaughan's conclusions coin- : 
eide with mine, and Mr. Vaughan in his 
paper corrol)orates Mr. Greer's suggestion, 
namely, the deeper the shaft is the smaller 
the '* factor of safety " can be. 

1 think that Mr. Vaughan has answered 
the questions put in Mr. Alpheus Williams' 
paper, and which ought also to be put in 
Mr. Greer's paper, viz., '* What is the 
* safety factor ' "? Invariably people are 
mistaken in thinking that a rope with a 
safety factor of, say, 10, is twice as strong 
as a rope with a safety factor of only 5. It 
may be that the difference is far more than 
or it may be that it is far less than twice; 
all depends mainly upon the depth of wind- 
ing. *' Safety factor " by itself can hardly 
he defined, as it has probably — I should say 
surely— little meaning. It is far better, it 
oucfht even to be compulsory, to replace 
these old, and somewhat meaningless, words 
by a new term, such as brought forward by 
Mr. Vaughan, viz. : " Reserve of strength." 
Each rope ought to have a reserve of 
strength of, say, about 100 tons, no matter 
what the hoisting depth, or kind and fonn 
of make, or material the rope is made of, 
or other conditions, such as fatigue due to 
incurvations, when passing bends, sheaves 
or drums, are. In this cas-.* we would have 
an uniformly stiong rope everywhere, or 
what I would call '* a rope of equal resist- 
ance." 

.\nother point, which is probably old, and 
which everyone who has to deal witii this . 
(juestion repeatedly discovers is that the ■ 
rope ought to have a variable section when 
used for winding from great depths. I have i 
been told that this cannot be brought for- 
wai'd on tJiese fields, as the system was done 
awiiv with, locallv. some vears ago, on ac- 
count of some unfortunate accidents which 
happened on the Rand, and the fault was 
lound to lie with the tapered rope. 

To accuse is e<isv, but to excuse is difli- 
cult. If accidents have really happened 1 
don't think the fault was with the prin- 
ciple of the tapered rope, as t have not 
lieard of anyone publicly saying so. On the 
Continent the type is in great vogue; in 



some countries it is the only type used— for 
instance, in Belgium, probably because the 
inventor (Vertongenj was a Belgian. 

Mr. Laschinger's statement, that, as we 
Ignore what happens., and what kind of 
stresses occur, with a moving rope, it is 
more advisable to give a large margin of 
safety^ is correct, but only to a certain ex- 
tent. Practically every piece of mechanism 
has some hidden secrets, which are, so to 
say, not solvable, but with the amount of 
data available, helped out by sound reason- 
ing, we venture to give one or other solution 
to every question which crops up. Now Mr. 
Laschinger is afraid that when diminishing 
the safety factor, though there may be no 
immediate danger of the rope breaking, we 
may shorten the life of the rope. That may 
or may not be so. We have neither affirma- 
tive nor negative proof. I had under my 
charge in Spain a rope which I had doubts 
about, and, after having examined it, 1 
estimat-ed that its safety factor was About 2. 
I advised the immediate removal of the 
ix)pe, but encountered great opposition. The 
old hands on the property told me that the 
rope had been working for over four years, 
and would undoubtedly last another four 
3'ears. I had to give way, and, qfter twelve 
months' continuous work the rope Was again 
examined by me and my successor, and the 
safety factor, by test, had not varied at all; 
it remained as it was after my first examina- 
tion. In this particular case the very low- 
safety factor in no way affected the life of 
the rope. I can but repeat that '* high !' 
or " low " safety factor is only a fomi of 
speech, with little or no meaning in it. and 
that it is ** tlie reserve of strength " which 
is important. 

One of the most dangerous kinds of shock 
is that which in French is called coup de 
fouct (''click of a whip"); it occui-s al- 
ways when lifting the load, just at the start. 
Those interested in this particular shock I 
refer to Mr. Vertorigen's paper in BuUetin 
de la Socicff de Vindustrie minerale de 
Sairit-Etienne, 2nd series, b xiii, 2nd 
edition. ' Further there are shocks due to 
the. instantaneous action of the brake, and 
also to a sharp- change of direction in the 
shaft. 

If there are several layers of rope on the 
drum, every subsequent lajer produces, a 
secondary fatigue on tl>e layers underneath. 

But all iihese fatigues, tensions and 
stresses can be figured out in each individual 
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cage, aud all we have to do u> to add, after 
all calculations are made (say) 100 tons as 
a reserve of strength. And it is very likely 
that a safety factor of two in one case will 
be better than a safety factor of 7 in another. 

FT07n the *' Journal of the South African 
Institution of Engineers/' No. XL, 
No. 10, 1913. 

Mr. Kestner then read his paper: — 

HAULING FROM GEEAT DEPTHS. 






In every detail of the mining industry 
except hoisting important changes have 
been made in recent years. The hoisting 
machinery has remained practically un- 
changed, i.e., the old time-honoured winch - 
hoist is used. With increasing depth the 
weight of the ropes naturally increaees con- 
siderably, and it follows that the masses to 
be accelerated or retarded increase in pro- 
portion. The object of this paper is to in- 
vestigate the manner in which the efficiency 
of the hoisting machinery can be improved, 
and the conditions obtaining when hoisting 
from 3,000 or 4,500 feet depth, and when 
hoisting with steam or electric-driven 
m€K5hinery. With a fixed daily output to be 
handled, it should firstly be determined 
whether it will be more advantageous to 
flioist lighter loads quicker or heavier loads 
slower. Before, however, calculations re- 
garding this can be made, we have — as 
stated before — to first consider the hoisting 
rope as, at great depths, the whole 
machinery will be influenced by its dimen- 



sions. 



Regarding the degree of safety in a rope 
and its flexibility one can only arrive at pro- 
per deductions if the mines keep statistics 
of the ropes used, because the influence of 
acid mine water on the rope and also the 
jumping of the rope during the journey can- 
not be calculated. It is, therefore, absolutely 
necessary when speaking about hoisting 
from great depths to give special attention 
to the rope question, and in the following 
I will endeavour to put this most important 
question more clearly before members. 

Regarding the weight of load to be hoisted 
(which factor has, conjointly with the depth, 
the greatest influence on the strength and 
strain of the rope), I consider it necessary 
that such loads when hauling from great 
depths should not be decreased ; they should 
rather be increased up to the rope's safety 



limit in order to make up for the time lost 
in accomplishing the longer journey. It is 
obvious that the greater pull on the hoist- 
ing rope caused by the greater depth and 
bigger loads has a great influence on the 
rope diameter, and. therefore, also on its 
weight. It is evident that when using heavy 
ropes the handling of hoisting machinery is 
made more difficult and even great dangers 
to hoisting may arise. The immediate re- 
sult of the higher rope weight is increased 
static pressures on the hoisting engine and 
headgear sheaves, and thereby involves a 
strengthening of the whole plant. Of im- 
portance also are the dynamic forces which 
arise when hoisting from great depths, and 
the rope weight shows clearly its influence 
on the hoist. This influence is especially 
great in the case of hoists with rope drums, 
the size of these drums, and therefore their 
weight, increases with greater depths and 
greater weight of ropes, and such increase 
on rope drums is in a greater proportion 
than on the so-called Koepe sheave, and 
I hope that our engineers when deciding on 
hoisting plants for greater depths will in 
future also take into consideration this typo 
of hoist. I have specially considered tliis 
Koepe hoist in the comparison of the steam 
and electric winder. 

Reverting back to the ropes, I wish to 
state that at home excellent experience has 
been made with ropes made of material 
having a breaking strength of 100 to 120 
long tons, and I believe that the mines on 
the W^itwatersrand must seriously consider 
the use of ropes of even higher breaking 
strength of material than this. It will be 
in the interest of the mines to use ropes last- 
ing, with high-speed hoisting, about two 
years, and it w411 be generally sufficient 
when ordering new ropes to state that they 
must have at least a factor of safety 50 
per cent, above the Government require- 
ments, i.e., that the rope has at least a fac- 
tor of safety of 9. As the necessary cal- 
culations would draw out this paper to an 
enormous length I must abstain from mak- 
ing an attempt to determine the economy 
of using ropes constructed of higher break- 
ing strength material. 

The question of the increase of rope cross 
section when hoisting from deep levels has 
been already touched upon several times in 
the technical press as well as in this In- 
stitution, and it has always been especially 
pointed out that the cross sections of the 
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rope do not increase in direct ratio to the 
depths. It might, therefore, not be out of 
place to show by diagram the manner in 
which the cross sections of the ropes in- 
crease. The diagrams (Figs. 1, 2 and 3) are 
based on the following formulae for cal- 
culating the rope cross sections. Taking 
tlie cross section in square meters as ** S **; 
the permissible tensile strain in kg square 
niet^^r as " t *'; the hoisting load in kg as 
Q"; the depth of the shaft in meter as 
T "; and the weight of a cubic meter of 
rope in kg as '* g." The highest stress on 
the* rope can be found by: — 



AVtX^ »u 



<. 



Mxcft^fk 



A%t2C 



Avr&M I 



hKi^mk ft 




Fig. 1. 

S.xt = Q + (gxSxT) 

beiue we gain for the cress section of the 
rope and therefore also for the rope weight : 

^_ Q 

t-(gxT) 

On this simple but most important formula 
ilepcnds a great deal for the future of our 



shaft ropes, and, therefore, it requires a 
good deal of attention, and I w^sh to call 
members' attention to the three diagrams 
which give details with regard to the in- 
crease of the rope cross section with in- 




*9nf^ AMt 



Fig. 2. 




Fig. 3. 

creased depth. The diagrams are based on 
high safety factors. 

With regard to the safety factor in ropes 
; I Mvnsh to refer to the Transvaal Hope Com- 
mission of 1906, wherein several engineers 
advocated a strength margin instead of a 
safetv factor. 
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It is evident that I had to base the cal- 
culations for my curves on definite depths, 
and I have selected 3,300 ft. and 4,000 and 
5,000 ft. There is no shaft on the Rand as 
yet sunk to the latter depth, but I expect 
it will not be very long before hoisting from 

5^000 ft. depth will be an accomplished fact. 

******* 

lieverting back to the use of rope having 
a higli factor of safety, I believe that there 
should be a limit to such safety factor, and 
that a safety factor of 7 is quite high enough 
because with it the dimensions of the rope 
are too great. It is, however, also advis- 
able to take ropes having a very high break- 
ing strength, as stated in the beginning of 
my paper. 

It is further of great advantage for hoist- 
ing if the weight of the rope is balanced by 
means of a tail rope. The saving in power, 
i.c, steam and energy consumption, are 
great, amounting to about 20 per cent. 

Mr. J. A. Vaughan (Past President) said 
it was a question whether they should say 
anything ^\hatever about tliis paper that 
night, the author not being present nor the 
diagrams which he referred to being on 
view. However, as Mr. Kestner had to say 
something more and produce diagrams, 
there were one or two points which it might 
be well to remind him of. Taking the fac- 
tor of safety question into consideration, 
it appeared to him that Mr. Kestner was not 
consistent in his paper. Ho started off by 
advising a factor of safety of 0, and at the 
end lie reduced the factor" of safety to 7. 
As far as he (^Ir. Vauglian) could see, this 
reduction was made on account of the Koepe 
hoist, and therefore did not appear justified, 
because the kinetic conditions might be 
more severe, seeing that the single sheave 
used in this svstem had less inertia than the 
massive dnims of other hoists. He did not 
propose to proceed with a criticism of the 
Koepe hoist as applied to winding from the 
various levels, which even in their deep 
level mines had to be undertaken. They 
knew there would be difficulties about 
that. He would like to sav a word about 
the formulae which Mr. Kestner had put for- 
ward. Of course, this was not the first time 
that a formula had been brought forward 
and placed in their journal with regard to 
the size of ropes required to deal with dif- 
ferent winding conditions. He thought that 
tlieir Editorial Committee might have Mr. 
Kestner 's formulae translated into the usual 
units in order to facilitate their considera- 



tion. He thought that Mr. Kestner would 
have been well advised in reading a paper, 
which, after all, was not on a new subject, 
if he did not agree with the formulae pre- 
viously given to criticise them and show 
how they differed from his own. In listen- 
ing for the first time to a paper like this, 
it was impossible to immediately appreci- 
ate the attitude taken up by the author, 
and he was unable at the present time to 
criticise the formulae brought forward. Mr. 
Kestner had referred to the acceleration and 
retardation stresses that occurred on the 
rope. Of course, they liad in Mr. Alpheus 
Williams' paper an endeavour to show, 
from records automatically taken from the 
driving shaft of a winding engine, the 
changes in speed which were occurring. It 
occurred to him lately that it would be 
practically possible to measure these at the 
same time in the conveyance. When he 
was engaged on the Safety Catch Commis- 
sion, he brought forward an instrument 
there which for the purpose of measurinf^ 
shocks was quite good enough. They could 
measure fairly con-ectly the sudden change 
of velocity which occurred when the safety 
catch came into action. This rough in- 
strument could be improved upon, and when 
they considered the precision attained with 
other scientific instruments he thought it was 
practically possible to have an instrument 
(perhaps something after the style of an 
aneroid barometer) which could measure 
and record the changes of velocity which 
occurred in a descending or ascending con- 
vej'ance. He was not a sufficiently good 
inventor, nor had he sufficient time, to bring 
one forward, but he thought it was a pro- 
position which was capable of solution. Of 
course, as they knew, the change of veloc- 
ity had been measured in a locomotive, 
and it could be done in the conveyance in 
the shaft, and they would then have a check 
on an arrangement such as Mr. Alpheus 
Williams had bi*ought forward to record the 
changes at the engine. They would re- 
member that Mr. Williams* device was 
criticised by one or two members as not 
upplying exactly to the conditions which 

' existed at the other end of tlie rope, so he 
thought that it would be a good thing to 
endeavour to record the retardations or ac- 
celerations simultaneously at each end of 
the rope. He wished to thank Mr. Kestner 
for liis paper, and he hoped his remarks 
would be taken as nothing more than an 
rn pasHfinf criticism. Tliere was one other 
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point, the apparent neglect on the part of 
Mr. Kestner of the material at his disposal 
in Mr. Greer's paper, and in the discussion 
that ensued on it. Mr. Kestner advised the 
use of ropes made of high breaking strength 
materials from 110 to 120 long tons, which 
would mean from 123 to 134 short tons. 
Tlu*,y had gone beyond that already on these 
fields, and he thought that fact should be 
brought to Mr. Kestner 's notice at the 
earliest possible moment ; for this reason, 
t'lierefore, he mentioned it. 



HAULINCr FROM GHP^AT DEPTHS 



Papeii by H. Kestner. 



.(Published in Vol. XI., No. 10.) 
{Continued Discussion.) 

Mr. Roger Price (Member) said: — In 
tlie opening paragraph, the author stated : 

The object of this paper is to investigate 
the manner in which the efficiency of hoist- 
ing machinery can be improved, and the 
conditions obtaining when hoisting from 
3,0(X) to 4,500 feet depth, and when hoist- 
ing witli steam or electric-driven machin- 
ery." The speaker had carefully perused 
Mr. Kestner 's paper, and felt bound to re- 
mark that the author liad thrown no new 
light on a subject which for many years had 
engaged the close attention of some of the 
l)est engineers in the world. 

Mr. Vaughan had already dealt witli the 
author's remarks on the breaking strength 
of rope material and on factors of safety. 
The formula giyen, on page 268, for obtain- 
ing the size of rope required for a given 
service appeared to be vague and mislead- 
ing. '* S " was stated to mean the cross 
section in square metres. It was evident 
from the fomiula that if '* t " was the 
nctiual tensile stiipss, '*S" must be the 
" useful '* cross sectional area of wire in 
the rope. But, if this was so, and if *'g" 
was the weight per cubic metre of rope, 
then ** g S T " could not be the real 
weight of T nietres of rope. 

'* Q " was given as the hoisting load. Al- 
though the formula indicated that '* Q " 
did not include the weight of the suspended 
rope, it would have been well to state 
clearly that ** Q " was the weight of the 
vehicle (skip or cage) attached to the rope, 
I)lus its contents. 



The use of ** g " (weight per cubic metre 
of rope) appeared to be unnecessarily cum- 
bersome. Again, it would have been better 
to use some other symbol than ** T " for 
the depth of the shaft (though its origin 
was quite obvious). 

This criticism might appear censonous, 
but it was surely an axiom that, in pro- 
pounding any formula, it was well to state 
the premises very clearly, and to choose 
symbols which obviated ambiguity. 

The speaker took the opportunity to pub- 
lish a ** Rope " formula which he had used 
for many years, and which, to the best of 
his knowledge, was due to Mr. Hans C. 
Behr. 

Let X = The " useful " cross section of 
steel in the rope in square inches. 

,, f = The safe fibre stress to which 
the steel was to be subjected in lbs. 
per sq. in. 

,, W = The weight of the vehicle at- 
tached to the rope, plus its contents, 
in pounds. 

d = The nominal diameter of the 
rope in inches. 

L = The length of suspended rope 
in feet. 

It was known that, for ordinary (5 strand 
ropes of the usual constructions (from 7 to 
19 wires per strand) X ■-= •34d* approxi- 
mately (neglecting the single core wire of 
each strand, and making the usual aver- 
age deductions for laying up). It was also 
known that the average weight of such a 
rope in which X = 1 sq. in. was 482 lbs. 
per foot. The weight per foot of a 1 in. 
rope (in which X = 34 sq. in.) was 34 
X 4*82 = 1*64 lbs. approximately. 

Let = the inclination of the shaft. 

Then : 

fX = sin^(W + 4-82 LX) (1) 

W sin ^ ^. 

and X = ^^-^32 L sTn ^. <^> 

For a vertical shaft sin ^ = 1 

W 

and X = ^-^2 L) <^> 

Substituting •34d2 for X in (2) and (3). 
Then : 

/ W sin <9 

W 



>r 



f » 



d= 



J •34(f-4-82Lsin 0) 
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or for a vertical shaft : 



v/-34(f-4-82L) 



(5) 



Example : 

Let W= 20,000 lbs. 
,, f = 40,000 lbs. per sq. in. 
L = 4,000 ft. 
(^ = 30° (sin e = -5). 
Then: 



} I 



»» 



d= 



/ 20,00 x/ 5 

v^^4 (4^,000- 4-82 X 4,000 X 5) 

and for a vertical shaft : 

d = l•685^say \^\ 

Except with regard to the ambiguitv of 
the symbols " g," '' S '' and *' t/' Mr. 
Kestner's formula was identical with the 
formulae (2) and (3) given above. The 
speaker, however, preferred formulae (4) 
and (5) because tiiey solved for ** d " at 
once. 

Further, since Mr. Kestner did not estab- 
lish the relation between " g '* and '* S " 
(even though that relation might be only 
approximate), it followed that in his for- 
mula both these quantities were unknown. 

The speaker confessed to his complete 
failure, after some hours' work, to under- 
stand Mr. Kestner's Figs. 1, 2 and 3. 

From Fig 1 it was evident that the values 
given for ** Hope sections in sq. ins.*' were 
(approximately) the ** solid " cross sectional 
areas ot the various ropes. It was incred- 
ible that the aut^ior took these values as 
the '* useful" cross sections, but, as al- 
ready remarked, in that case what hap- 
pened to the formula, unless, again, spuri- 
ous values of **t " were chosen? 

In Fig. 1 it would be observed that the 
** Kope sections," marked 5*2, 675 and 
8-3 should be 6*2, 7*75 and 93 respectively, 
and, therefore, presumably, the upper part 
of the 10 F.S. curve must have been incor- ! 
rectly plotted. 

In Fig. 2 the first error again appeared. 
In Fig. 3 this offending numeral had happily 
disappeared. The speaker supposed that 
the values p = 85, 1(X), and 115 tons ap- 
pearing in the diagrams were the ultimate 
breaking strength*; of the steel in each case. 
Assuming this to be so, he examined the 



*' 10 F.S." curve in Fig. 1, and found that 
at 1,900 feet depth the rope size given 
(1.7 square inches) corresponded to a dia- 
meter of 1.472 inches. Using the formula 
X = •34d', it would have a breaking strain 
of 63 tons, or a safe load of 6.3 tons, of 
which amount 2.9 tons would be available 
for *' W " (or ** Q "). 

Assuming this load (2.9) tons to be sus- 
pended at a depth of 2,600 feet, " d " 
would be 1.95 inches diameter, with a 
breaking strain of 110 tons, for a total load 
of 11.0 tons. 

At 3,300 feet, these values become: — 
'* d " = 4-125 inches, breaking strain 490 
tons for a total load of 49 tons. 

And at 3,526 feet '* d " became infinity. 

Aft^r plotting the " solid " cross sec- 
tions corresponding to these values of ** d," 
as far as possible, on Fig. 1, the speaker 
decided to abandon further investigations, 
as he had evidently failed to gmsp the 
meaning of the diagrams. 

Mr. A. S. OsTREiciiEii said the object of 
the following study was not so much a 
criticism of Mr. Kestner's rope formula, as 
an investigation how far the present for- 
mulae express impersonal verifiable facts 
concerning ropes. And at the outset he felt 
bold enough to sttite that none of the 
formulae he had seen could claim to be 
rational. In the best case they might be 
rough approximations which, under certahi 
conditions, would give results in accordance 
with experience, not because they were re- 
liable, but because they were prescribed by 
law. 

A foraiula was a general statement of the 
interrelation of facts or thingrs in the svm- 
bolic language of mathematics. Notliing 
more nor less. The language in which a 
statement was made, did not affect the 
facts; one could always translate them or 
have them translated into everyday lan- 
guage. If this would be borne in mind much 
over or underestimation of mathematics 
would cease. 

What did the formulae for ropes state? 
Simply : * * if a rope is statically loaded by 
so many pounds it is stressed so many lbs. 
per sq. in." Did this describe the essential 
facts on which the life of a rope ctepended? 
Certainlv not, even when stating that the 
rope must have a certain factor of safety. 
In this respect Mr. Alpheus Williams' 
tables would enlighten members if they 
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analysed his figures. Low stressed ropes 
liad not always the longer life, many failed 
sooner than less ** safe " ropes. The fac- 
tor of safety was therefore no criterion of 
the life of ropes. ** What is it then?'* was 
tlie question which could only be answered 
by investigating the conditions on which the 
working stress depended, and after that it 
remained to find a working hypothesis — 
i.c.y a thought model of the behaviour of 
ropes. 

Evenone knew that the working stresses 
in permanent structures were considerably 
smaller than in temporary ones, that the 
unit stress of a connecting rod was much 
lower than that of a spring, and that the 
working stress of a rope was lower than that 
of a spring, or to put it clearer, a spring 
might be stressed nearly to the elastic limit 
of the material for the statical load, where- 
as the I'ope must be stressed considerably 
lower, if its life was to equal that of the 
spring. The reasons for this were readily 
found, when thej^ considered the phenom- 
ena, not as the encyclopaedists did, *as a 
play of forces, but as modem physicists 
(lid, considering configuration and energy, 
i.e., the capacity of the material for work. 
Since the publication of the classical ex- 
periments of Prof. Bauschinger they knew, 
that no known material was elastic in ac- 
cordance with the definition of physicists, 
i.e., the stresses were not simple functions 
of strains. Time, and the technological state 
of material influenced the stresses. Per- 
ina-ment sets occurred under relativelv low 
loads, and it seemed that there was an as- 
symptotic law for the disappearance of de- 
formations in regard to time. Not only the 
oyerstressed bar showed permanent sets, 
but each bar tested showed them, when 
loaded and unloaded. That these perman- 
ent sets were so minute, that thev could 
for most j)ractical purposes be neglected did 
not alter the fact. He thought that it was 
Bauschinjrer who proved that the yield point 
could be raised by overstraining, that by 
it the elastic properties as defined by 
Hooke's law' were temporarily upset, and 
the opposite elastic limit lowered. The 
same experimentist distinguished between 
an artificial and a natural limit of elasticity, 
and modern experimentalists as8ert<^d that 
there was a flow of material to the weakest 
spots; some proved even that gliding sur- 
faces were inaugurated long before the elas- 
tic limit was reached. Due to drawing of 
^^ ires and due to spinning of the ropes the 



outer surface of the wire was hardened, the 
stresses unequally distributed, and the 
material could not so readily flow to the 
weak spots as in tempered springs. This 
was the explanation. 

Fatigue experiments nad demonstrated 
that the material deteriorated when the 
stress range reached a certain limit, i.e., 
the capacity for work diminished due to the 
cumulative effects of the minute permanent 
sets. This was a well known fact, but not 
acknowledged in the text books. Ropes 
broke when not removed before the capacity 
for work was exhausted; the chains of 
cranes must be annealed; the same ap- 
plied to thousands of parts of machinery, 
and it was stated that the segments of the 
early cast iron arch bridges over the Severn 
became in the course of time so brittle that 
a Hght shock, like a tap of a hammer broke 
them into fragments. Some years ago, Mr. 
Vaughan showed the speaker some samples 
of old rope wires which had entirely lost 
all ductility; they broke when sHghtly bent. 
From the foregoing it was evident that the 
capacity for work diminished when the 
material was altematelv loaded and ini- 
loaded, and there was no doubt that the 
strain-stress diagram of a test piece mea- 
sured the capacity for work of that piece. 
Professor Unwin, Prof. Tetmejer, Prof. 
Inzi, and others, maintained that the work 
done during testing up to the point when 
the maximum stress was reached was the 
capacity for work, provided testing took 
place slowly; see Fig. 1, in which the por- 
tion not siiaded in the strain stress dia- 
gram represented the work done, due to 
drawing out the material locally. If tihis as- 
sumption was correct, the margin of safety 
could be defined quite naturally. 

If a rope was loaded gradually, work was 
done, and by adding further loads the rope 
would give a stress strain diagram, as 
shown in Fig. 1. The additional load traced 
out the portion shaded horizontally, and tlie 
load proper, the trapezium, shaded ver- 
tically when the test piece broke. If the 
load was applied suddenly, the work done by 
the load during its action up to the breaking 
point was represented by the rectangle, i.f., 
by the area of the trapezium and the area 
of the cross hatched triangle. Since in a 
wire rope a sudden application of load was 
possible, and the triangle was relatively 
small, he defined the margin of safety of a 
rope as the horizontally shaded portion of 
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tile still ill-stress diagram, us the oxcos 
the sti-ess-elongution wink (iiicludiri 
beiiiling Mtri'sses). In niiitliomnticiil 
bols, 

(t = lw (k-pe) (out ll)s., 



where " 


1 '■ i 


t,ho 


length of llic 


rope i 


feet. ■■ w 


■' th 


urea 


of ei-oss sec-ti 


,n of tl 



Sew Ui>pe». 
134-2 t,'sq. in. 



rk of . 


IP eubii- ineli of ropi' i 


ii.eh lbs... 


. •■ tlu 


stJiticiil tensilf stresH 


■■ e ■■ the 


■ngittitii 


of tlu' mpe. 





Kxperionc.i- showfd thiit rojii-K streti-hed, 
i.e., pcmianeiit setn oecnnvd in spite of 
loads below tJie elastic limit, and that the 
materia] ol the rope deteriorated. He as- 
eribed tlie cause (if this stroti-hinR of the 
rope to an indefinite niiniher of indefinitely 
small siioekH, and the objeet of the mar^'in 
of safety was to compensate for the ciinnii- 
lativo effect of tliese shocks. Further, the 
enmnlative effect of sbocks wa« nieasure:! 
by the cxteiiKion or atretcli of the mpe. 

Hinee no data about the capacity for work 
of wire ropes were available, be approxi- 
mated them fi-oiii data which he had re- 
ceived by tlie kindness of Mr, VauKhan : 



rioi.gh St. 134-2 t/'sq. hi. 2-1?. lbs. per 
foot, length of t*st piece 'iBl'i ineh>-s. 
Yield point a't-S t, extension 'B in. 
Ureuking load 582 t, extension 242 in. 

Kxtra Plough St. ISl'O t/sq. iii.. 3-37 Ihs. 

per ft., length 68 in. 
Yield point 008 t, extension 1-02 in. 
Breaking load 106-5 t, extension Sfj~ in. 

Old Uapi-it. 

Extm improved I'l. St. 138 t'sq. in.. 2 13 

Ihs. per foot. length r>3-7r> in. 
Yield point 402 t, extension 102 in. 
Breaking loud 58'4 t, extension 120 in. 

Special PI. St. 134-2 t/sq. in., 4-2(58 lbs. 

per foot, length rf275 in. 
Yield point 402 t, extension 1-48 in. 
Bi-eaking loud 117 t, extension 243 In. 

The eTOss sections of wires were not 
given; he estimated thoni hy dividinj; the 
weight of the wire in lbs. per foot by 4. 
Since the calculated cross section was a 
rough approximation, it sufficed to regaul 
the cnrve as a parabola. Tliore was no 
doubt that hy planimctering the autcmatii- 
diugniins a greater exactness could he ob- 
tained, provided the area of the cross sei'- 
tion of the wires had been known. But, iv 
tilings stood, he did not feel justified in in- 
tixHlucing nni-eliable figures. The table 

showed the figures. 

The next step was the determination of 
the enmnlative effect of shoirks which wns 
meusured by the loss of kinetic energy of 
the hoisted mass, viz., by 

,„^^,... 

where v, - v, is the speed variation. It 
v denotes the tnaxitninn hoisting speed, we 
may write. 

L^ft.'V^ 

Thanks U> Mr. Williams ivcords. pub- 
lished in the Institntion's Jransaetiuiiii, tlie 
cumulative effeet of the shoi-ks could be 
estimated. 



The 



capacity for work must l>e equal to 
■rk done in the stni in -stress diagram 
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+ the effect of shocks, i.r., 



■1 
w v 
Iw (k - pe)=x— 2r ^oot lbs. 

g 2 



and 



X = 



Iw (k - pe) 
w v^~ 

"g 2 

He took at random the rope No. 29 at 
the Kimberley shaft : 

Length of hoist inp rope 2520 + BO - 1070 
= 630 ft. 



the speed variations did not pass the 
sheaves. Thus 10x916 lbs. must be de- 
ducted from the total pull given there. 

Pull: P = 68470 -9160 = 54300 lbs. 
working stress, 

p=^^^^=52200 Ibs./sq. in. 

The ropes at Kimberley were soft, 112 
tons /sq. in., hence he was not far from 
the truth in assuming a capacity for woik 
K = 8000 in. lbs. and an extension of '06. • 



CAPACITY FOK WORK OF WIRE ROPES. 
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SL 
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C8 



4-19 8,380 



3-09 



155 



6J80 



3.110 



iNovr. 

Plough. 

Extra 

Plough 

Oil. 

Extra 

Imp. 

Plough 

Spec. 

Plough 



Cross section of rope 
Mass to be hoisted : 



4.16 



= 1.04 sq. in. 



\ha,_ 29305 
g ~ "32" 



916 



In the table an acceleration of 10 ft /sec." 
was inti-oduced. His investigations of the 
diagram of the Kimberley shaft showed 
much smaller accelerations, and as the dia- 
gram which he received from Mr. Williams 
referred to the winding sheaves, not to the 
hoisting rope, he presumed that the sag of 
the inclined rope acted Hke a spring, so that 



X = 



630 X 104 (8000 - -06 X 52200) 



81- 



X 916 



655 (8000 - 3132) 
3005000 



3188540 



3005000-^'^^ ^ = 3188540 foot lbs. 

That is : the cumulative effect of impact 
could notf much exceed the kinetic energy of 
the mass to be hoisted. 

The test of a hypothesis lies in its ap- 
plication to facts. His hypothesis was that 
the margin of safety was expended in com- 
pensating the cumulative effects of shocks. 
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No. of Rope ... 
1000 of Loads 

Hoisted 
Stretch of Rope 


25 

298 
37' 


26 

351 
34' 


27 

336 
36' 


28 

443 

40' 


1 
29 

316 
35' 


30 

427 
55' 


1000 Loads 
Stretch 


807 


1020 


933 


1110 


903 


778 



Mean : 930 Loads per Foot Stretch. 



Factor of Safety 7*0 



7-0 



7 



7-9 



6-3 



Rearing in mind that the ropes differed in 
tlieir properties, and were not removed in 
the same states, the above figures confirmed 
his views. He confessed that other ropes 
which he examined did not agree so well ; 
there were some exceptionally good and 
some ^exceptionally bad ropes. But in 
general the loads hoisted per foot of stretch 
tended towards an average value, and the 
exceptions could be rationally explained, 
(1) by the personal factor, (2) by the qual- 
ity of the rope, (3) by the recovery of elas- 
tic properties after long rest. 

In his investigations the recovery of 
elastic properties of a rope had not been 
accounted for, for the simple reason that 
they knew practically nothing about it, and 
what they did not know did not exist for 
them, for the time being, or, as a scientist 
would say : ' * We can only consider veri- 
tiable facts." 

He was well aware of the imperfections of 
his hypothesis; it did not exhaust the sub- 
ject, and was given as an attempt to bring 
tlie calculation of ropes on to a more 
rational basis than that u«od up to tlie pre- 
sent. A great number of experiments and 
observations were required to exhaust the 



and that shocks caused extension of the rope. 
If the ropes at the Kimberley shaft were all 
equal, and the ratio capacity- of work to 
stress work p e was a constant, and the 
effects of shocks would cause approxi- 
mately equal stretchings (which was pro- 
bable, because hard wires stretched less 
than soft ones), then the number of loads 
hoisted per foot stretched should not devi- 
ate much either from each other, or from 
the mean. . 

For the ropes at the Kimberley shaft 
there was: 



subject, w^hich was economically and 
ethically of the greatest importance. 1^'rom 
the greater number of standpoints an ob- 
ject was viewed the clearer were the con- 
ceptions obtained of it, and this might ex- 
cuse him putting his views forward. 



From the'* Jourjial of the South- African 
Insiitidion of Engineers/' Vol. XIV. , 
No. 2, 1916. 



NOTE ON THE VALl'E OF ANNEALING 
THE CONNECTING ATTACHMENTS 
ON WINDING PLANTS. 



By J. A. Vaughan (Past President). 



On 2oth April last, in one of the incline 
shafts— 250— of the Eastern Hand, a tim- 
ber trailer broke loose from a skip and 
dashed to the bottom of the shaft where 
natives were working, six deaths resulting. 

The trailer weighed 2,800 lbs., and was 
connected to the skip by fcwo short IJ in. 
chains on to a 1| in. ring, 6 in. internal 
diameter, on to a If in. shackle, on to a 
steel wire sling 9 ft. long and 1 7-16 in. 
diameter w4th a thimble at each end. 

The driver was lowering the load when 
some small obstruction in the shaft pro- 
bably held up the trailer. The descending 
skip gave it a heavy blow which, with a drop 
of 9 or 10 feet of slack of sling, etc., 
ruptured the ring and set the trailer free. 
The ring apparently broke first through the 
welded side, and then, opening out, frac- 
tured on the opposite side. At the frac- 
tures there are no signs of any flaw. 

The ring had been in use about two years, 
and there was no record of it ever having 
been annealed. 

The sketch (Fig. 1) shows the ring and 
its dimensions. The first break occun-ed 
at point C, through a weld, but not to any 
great extent along the welded surfaces. The 
material here was somewhat swollen and 
measured IJ in. bare. The ring, after frac- 
turing at point G, opened out, and then a 
second fracture occurred at point A, leav- 
ing the ring in two halves. The fractures at 
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Fiu. 1. 

A and C may geneniJly be described us 
coarse crystalline, a small portion of the 
welded surface showing up in C (Fig. 2), and 
same fibrous bands iu botli A and C — more 
in the latter. The left-hand portion of the 
ring was sawn through at F and D, the 
portion FED was straightened, and the 
portion ABC was annealed. 

The straightening process of the piece 
FED was effected by heating to barely a 
red heat and bending without hammeritig. 
The annealing of the piece ABC was at- 
tempted by heating it to a bright red heat 
and leaving it to cool in red-hot ashes for 
twenty-four hours. This may not be an 
ideal method of annealing, and probably 
some experience of better heat- treatment 
processes may be elicited in the remarks of 
other members in deahng with these notes. 

The certificates of the tests of the an- 
nealed and unanneaied portions conducted 
in the Mechanical Laboratory of the Mines 
Department (see Table), show that the 
ductility was greatly increased. Had this 
ductility been present in the ring, it is pos- 
sible that the accident might have been pre- 
vented. 

The actual plastic yielding would not in 
itself have been sufficient, but the ring 
mighf> have elongated to oval shape, and 
the yieldingness of the other parts of the 
connection would also have been of service 
in reducing the maximum stress according 
to the Principle of Work. 



If the trailer ran freely 10 feet down the 
25° plane before the slack was all taken 
up kinetic energy of nearly 6 foot-tons would 
be created, while the stress of impact would 
be about 14 tons per square incii at thestiu't. 



Fig. 2. 

bub doubled at each reflection of the wave in 
the short hnk. This wave of stress itself is 
of decreasing intensity corresponding to the 
reducing velocity of tlie trailer as it is being 
retarded. 

Incidentally, the author may state that 
he has met with several cases of " over- 
wind " in which the rope has nob been 
broken, but, has shown by numbers of 
" waists " on the wires of the most stressed 
parts that ductility has been the saving 
grace. This quite disposes of the idea, that 
has sometimes been advanced, that in the 
case of this sort of impact at fairly high 
speed there was not time for ductility to 
assert itself. Where the wires of a rope 
break due to shock without local elongation, 
these wires had lost their ductility and were 
brittle. 

Coming now to the photographs of the 
fractures obtained in the test specimens the 
fibrous nature of the annealed one (Fig. 
3) will be noticed contrast to the crystal- 
line fracture in the other (Fig. 4). ^ The 
reduction in area in the former case ia ver>- 
marked. The material of which the ring is 
made appears to be of at least two different 
qualities of iron. Under the microscope this 
shows up very plainly in the unnannealed 
specimens (Fig. 4), the crystals in the vari- 
ous bands being of widely different sizes. 
Microscopically viewed, similar differences 
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ERsri,Ts OF Trnsile Xbsts ox Sami'LES Takks KhioM Trailer Ring, 
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occur in the annealed specimen. However, 
8-i in-evionsly stated, the ohjett of an- 
iieidinc; whs achieved, vis;., tJie securing by 
nimfik Unit treafmmt of nn access of duc- 
tility iind extensibility. 

Tile milling reguliitions oE different 
<-unntiieK generally prescribe for the regiikr 



Fig. 3. 

iinneiiling uf ehiiinis and cniniectioiiK used in 
the winding of pevMnns. The practice shonld 
(■xtend to all cliains and connections used in 
the sliaft. crire being taken not to overheat 
these fittings and to allow- for very gradual 
<'(>nling in the case of tliose made of iron. 



Reference to the following British re- 
ports dealing with the sniiject will kIiow 
tliat regular annealing is sti-ongly recom- 
mended : 



Report of TrofeBsional Ci 
by the Royal Com; 
1909, pages 28 and 50. 



ittc* 



appointed 
n Mines. 



Vio. 4. 

Report on the Construction, |.tc., of Hoist 

and Tengles, 1004, l)y William S 

Smith, Ksq., H.M. Inspector of Far 

tories, pages 10 and 27. 

Thk Ruksidknt, in moving a vote <. 

thanlis to the anthor, said Mr. Vaughai 
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had given them an interesting example of 
what a short paper should be. Short papers 
of that type really formed as valuable a 
contribution to their proceedings as many 
a len^tiiy paper. He hoped they would 
Iiave more short papers of a similar nature. 

E. J. Laschikger (Past-President), ex- 
pressed the view that a recommendation 
should have been made by Mr. Vaughan in 
his paper as to how the annealing should 
he done. Annealing was only a term de- 
scribing many different processes to attain 
a certain end, and it was quite possible to 
imagine that what some might call an- 
neaHng was quite an ineffective process. He 
.-suggested that Mr. Vaughan might supple- 
ment his paper by giving a practical in- 
structirm as to what kind of annealing would 
he effective. 

The President (Mr. Bernard Price) said 
that if they could get the members who 
were responsible for that kind of wort to 
mention the ordinary methods in vogue it 
would lead others to suggest means. 

W. \{. Laurie (Member) refen-ed to his 
experience with chains which had been 
taken off a dredger. Some of them had 
crystallised and broken, but on being heated 
ill a blacksmith's fire to a cherry red and 
left to cool in ashes, no further trouble had 
been experienced with the cliains. Tliis 
prov-ess was performed every six months, 
and was in vogue thirty yeai*s ago. 

H. \V. Clayden (Member) thought that 
the usual method of annealing carried out 
on the mines was to heat to a cherrv red 
and to allow to cool i^ ashe?. 

E. J. Laschinger (Past President) saw- 
no reason why a simple kind of furnace 
cr)uld not be designed to do the annealing 
in an effective manner. The expense should 
not be a large matter. Duplicate connec- 
tions for skips were always available on 
the mine, and if one went wrong there was 
usually a <;pare ready. When a connection, 
tlierefore, had been in use for a certain 
fX'riod a spare set could be put in and the 
tormer could be amiealcd. Considering that 
one of the safety measures was that skip 
and cage connections should be of the very 
best kind, the matter was of great import- 



ance, and he thought the question ought to 
be gone into very thoroughly. 

A. C. WiiiTTOME (Past President) said 
that Mr. Laschinger had asked Mr. Vaughan 

to describe what was a verv well- 

1*' 
\nown process to every engineer on these 

fields, and to give a better process than the 
usual one. Kather than wait for some highly 
refined method to be laid down by which 
anneahng should take place, it was better 
to use any system. Engineers generally 
were under the impression that only por- 
tions of the connections between skips and 
ropes were to be annealed, but under the 
Regulations all portions of these skip con- 
nections, for skips in which men were con- 
veyed, had to be amiealed. Annealing was 
simply bringing the metal back to its 
original structure, and any method which 
would accomplish this would be proper an- 
nealing of that metal. 

\V. Aldersox (Member) referred to the 
lestoration of the molecular structure of 
steel by a rest cure, and said that he re- 
membered some tests w'hich had been car- 
1 ried out in the early days on locomotive 
tyres. The tyres were hung up unheated 
in the shops, and a hammer was arranged 
to beat on them at regular intervals over 
long periods. After a certain time the tyres 
usually fi-actured. Pieces from the tyres 
so tested showed a highly crystalline struc- 
ture when broken, but after being laid 
aside for a lengthy period and retested for 
tensile strength, etc., they gave results 
equal to the steel before the hammering 
tests, while the crystalline appearance had 
disappeared, and the steel m every way 
appeared as in the original forged tyre. 

Unless annealing "of steel was carried out 
in a proper iurnace, where all air was ex- 
cluded as far as possible, oxidization took 
place. From experiments he had noted 
that repeated annealing shortened the time 
to' resist fatigue. The granular structure of 
the metal seemed in time to get coarser, 
so that he thought that annealing could be 
done too often. He had not, however,, seen 
any tests canied out as regards tensile 
strengtli of steel after repeated annealing 
and fatigue. A well-known illustration of 
the value of rest was shown in the ordin- 
I ary razor blades; these, as every man knew, 
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recovered their ** keenness " if allowed to 
rest after being in use for some time. 

J. Whitehouse (Member) said that lest 
t^ie impression should be gathered from Mr. 
Whittome's remarks that annealing on the 
mines was generally carried out in a slip- 
shod manner, he would like to point out 
that the Village Deep Company had a 
special annealing furnace, in which all the 
work was enclosed during the process of 
annealing, and in that case the fire was 
allowed to die away and the material 
cooled down gradually. By enclosing the 
work in a receptacle of this kind it was pro- 
tected from the action of injurious gases. 

AnotJiier point which Mr. Vaughan had 
raised, which, however, had nothing to do 
with annealing, was that the trailer referred 
to in his paper was connected by ten feet 
of wire rope. It occurred to the speaker 
that if that connection had been shorter 
trhe chance of the link breaking would have 
been reduced, since the trailer would have 
had little opportunity to get up a high 
velocity before its weight was again taken 
by the connection to the skip, 

A. C. WiiiTTOME (Past President) said 
he had not meant to convey that slipshod 
methods were in use on the mines, but that 
a good many engineers did not realise that 
the w-hole of the connections of a skip had 
to be annealed. He did not question the 
fact that annealing on the mines was done 
in as perfect a manner as it was possible 
to do it, but the point he objected to was 
that Mr. Laschinger wished Mr. Vaughan 
to lay down some ideal method of anneal- 
ing. He thought that if the connections 
between rope and skip were simply heated 
and cooled in air this would be better than 
no method of annealing, 

J. A. Vaughan (Past President) thought 
he had made it clear that those portions of 
the skip connections which were legally 
liable to be annealed, were usually an- 
nealed. He was alluding in his notes 
to portions of the connections used 
purely for rock work. He presumed 
that the Regulations as laid down were 
being properly dealt with. He knew of 
one mine where duplicate bridles to the 
skips were provided, and these were 
changed regularly every six months. In 
the particular instance he referred to in 
his paper the point raised by Mr. White- 



house had been a source of weakness. The 
length of rope allowed the trailer a free fall 
of 10 feet down the incline of 25®. The 
connecting link if 10 feet, however, would 
have been of service and not a source of 
weakness in any case of shock on the up- 
ward ]oumey. 

E. Farrar (Past President) did not agree 
with the suggestion made by Mr. Whit tome 
of cooling in air. 

G. A. Denny (Past President) said he 
agreed with. Mr. Laschinger that Mr. Vaug- 
han 's paper seemed to point to the conclu- 
sion that there was an immense safety fac- 
tor to be obtained by annealing. Mr. Las- 
chinger appeared to him to take a logical 
attitude in maintaining that if they were 
to anneal they should have a system which 
would be regular and acknowledged in all 
parts and known to engineers as the most 
effective and practical one. He supported 
the view tthat Mr. Vaughan should be asked 
to look into the matter still further and re- 
commend a method which would be at once 
pra<?ticable and efficient. 

Form the '* Journal of the South African 
Institution of Engineers.'* Vol. XVI, 
No, 4, 1917. 



THE FACTOR OF SAFETY OF WIRE 
ROPES USED FOR WINDING IN 
MINE SHAFTS. 



By. J. A. Vaughan (Past President). 



It is the universal practice to regard the 
factor of safety of a wire rope used for 
winding in mine shafts as the quotient re- 
sulting from dividing the breaking strength 
of the rope by the sum of the maximum 
load to be hoisted plus the total weight of 
the rope in the shaft when the conveyance 
is at the lowest station. 

In most countries the breaking strength 
of the rope is taken as that given in the 
manufacturer's certificate. Some manufac- 
turers assess the strength of the rope as 
the sum of the strengths of the composing 
wires, while others make some deduction. 

In the Union of South Africa the break- 
ing load under actual test is taken s^ the 
strength of the rope. Each coil, if not tested 
in the country of manufacture, has to he 
sampled in the Mines Department Mech- 
anical Laboratory. 
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The differences existing between the 
estimated and the actual test breaking load 
for any of the usual sizes or constructions 
of rope are fairly well known, and will not 
be further referred to at this stage. 

It may be stated here, however, that in 
all calculations presented in this paper, the 
strength of the wire rope will be taken as 
the product of 108 short tons into the sum 
of the sectional areas of the wires forming 
the rope. The value of 108 tons (of 2,000 
lbs.) is taken as being 90 per cent, of 120 
tons per square inch, representing a class 
of wire very commonly used on the Band. 

The writer at this point does not propose 
to argue whether this class of wire is the 
best class to use. He would point out that 
the adjustment of the formulae and calcula- 
tions submitted later to take account of 
any difference in breaking stress of steel or 
deduction for " laid-up " efficiency of the 
wire is a simple matter. 

In recent years various commissions and 
committees have presented reports dealing 
with mining matters and including the par- 
ticular point the writer has now under con- 
sideration. 

About 1901 the Doi-tmund (Germany) 
Commission reported that experience had 
shown that the minimum factor of safety 
))reseribed by the Mining Regulations, viz., 
6, was sufficient. 

In 1907 the Transvaal Commission re- 
ported that a minimum factor of safety of 
6 was sufficient, dealing with the winding 
ropes at work and not when about to be put 
on the drum. Although they felt that, in 
deep level wiuding, the long rope should 
receive some consideration on account of 
its better ability to meet the shocks in- 
cidental to winding, tJiey were not prepared 
to disregard other stresses, such as those 
due to bending, to which the rope was sub- 
jrc'ted. These stresses had not been exactly 
(lotermined or proved to be independent of 
of the depth of winding. The writer agreed 
with this finding at that date, viz., 1907, 
but since then, from fatigue experiments 
on steel wire, conducted in the Mines De- 
partment Laboratory, he has come to the 
conclusion that the bending stress is of 
little importance when, as in good practice, 
the ratio of D:d is kept as high as 1,000. 

In 1909 — the Royal Commission on 
Mines, Great Britain, agreed with the re- 



port of its professional committee that 8^ 
years should be the maximum life of a 
winding rope. The committee found tJhat 
the factors in vogue varied from 6 to 10, 
but not-ed that even the minimum factor 
of safety would be difficult to maintain in 
cases of great depth. They favoured in 
preference the maintenance of a " reserve 
of strength,'* but did not specify what this 
reserve was to be or how it was to be at- 
tained. 

In 1915, in Bulletin 75 of the Bureau of 
Mines, Washington, U.S.A., there was pub- 
lished the draft for a mining law, with ex- 
planatory notes, prepared by a committee 
appointed by the American Mining Con- 
gress in 1906. In section 34 of this draft 
law the following provisions occur: — 

** The factor of safety of all such ropes 
or cables when newly installed in shafts 
less than 3,000 feet deep shall in no case be 
less than six, and shall be calculated by 
dividing the breaking strength of the rope, 
as given in the manufacturers' published 
tables, b}^ the sum of the maximum load to 
be iioisted, plus the total weight of the 
rope in the shaft when fully let out. 

It shall be unlawful to use any rope 
or cable for raising or lowering of men when 
its factor of safety, based on its existing 
Ftrength and dead load, shall have fallen 
below 4*5. 

It shall be unlawful to use any rope 
or cable of the so-called 6 by 19 standard 
construction for the raising or lowering of 
men, either when the number of broken 
wires in one lay of said rope exceeds six, 
or when the wires on the crown of the 
strands are worn down to less than 65 per 
cent, of their original diameter, or when 
the superficial inspection provided for in 
this section shows marked signs of corro- 
sion : Provided, however, that when such 
broken wires are reduced by wear more than 
30 per cent, in cross section, the number of 
breaks in any lay of the rope shall not ex- 
ceed tliree." 

The writer would have taken the mini- 
mum factor of 4*5 to apply to all shafts, 
were it not that on page 112 the Committee 
state : * * The code therefore imposes a mini- 
mum safety factor for all installations and 
another below which no rope shall fall and 
remain in service; very deep shafts it ex- 
empts altogether." 
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In discussing the figures 6 and 4*5 for 
original and final factors of safety the Com- 
mittee advised mining operators in their 
own interests to conform to the specifica- 
tions stated in Chapter V. of the Report. 
These specifications were drawn up by an 
advisory committee formed from the leading 
rope manufacturers in the country. These 
recommendations are shown' in the follow- 
ing table: — 

Hoisting-Tope safety factors for various 
depths of shafts. 







* 

Minimum 






Minimum 


safety 


Percent- 


Length of Rope. 


safety 


factor 


age 


Feet. 


factor for 


when rope 


Reduc- 




new rope. 


must bo 
discarded. 


tion. 


500 or less 


8 


6-4 


20 


600 to 1,000 ... 


7 


6-8 


17 


1,000 to 2,000... 


6 


6 


161 


2,000 to 3,000... 


6 


4-3 


14 


3,000 and over 


4 


3-6 


10 



The framers of this table explain that 
the basic principle is ait actual safety fac- 
tor of four. This figure is increased for the 
shallower shafts because in them the 
stresses due to acceleration and extmordin- 
ary circumstances are normally greater, 
there not being sufficient spring in the rope 
to moderate the effect of shocks. 

This proposal may be designated the 
'* stepped " factor as contrasted with the 
fixed factor of safety. 

Other propositions have been advanced 
by various i;idividual engineers, the most 
intero'sting being the composite fonnula 
*' m a + n h/' "m" and " n '* being 
numerals while *' a " and '' b " represent 
the weight of load and rope respectively. 
This formula of safety gives the breaking 
load of the winding rope. 

In the discussion on Mr. li. B. Greer's 
paper in 1912, Mr. J. F. Cook proposed the 
formula ''Sa-{-b'* as giving a constant 
" margin of strength."* Mr. Greer advo- 
cated the modification of the present six 



* " The Journal of the South African Institution of 
Engineers," Vol. XI.. No. 4, page 126. 

t " The Journal of the South African Association 
of Engineers,*' March, 1904. 



factor of safety bv a sliding scale after a 
depth of 2,500 or 3,000 feet. 

The writer in 1904 1 was of the opinion 
that for all depths greater than the danger- 
ous limit the maintenance of a standing 
reserve of strength in the rope appeared a 
suitable provision against the effects of 
kinetic shock, and that this reser\-e might 
be secured by the use of a sectionally 
tapered rope. 

The dangerous limit alluded to was what 
might be called the " critical depth " for 
each rope of a certain lower-end-loading, 
within which depth the effect of a shock of 
given magnitude was augmented, owing to 
reflections of the wave of stress, and be- 
came much more intense than at this or a 
greater deptii. The calculations dealing 
with this and some allied matters are dealt 
with in an appendix to this paper. 

Diagrams have been prepared showing 
the effect on the capacity of the rope of the 
adoption of each of the safety systems pre- 
viously mentioned. 

Investigation shows that no one of these 
systems is quite satisfactory, and the 
writer now proceds to introduce an alterna- 
tive scheme which appears to him to be 
sound and to possess at least the quality of 
simplicity. 

The ** critical depth " below which the 
kinetic shock for a definite sudden change 
of velocity is either constant or diminished, 
is, as shown in the appendix, at a point 
where the length of the rope weighs very 
nearly -35 (actually h log 2 = -3466) of the 
load earned at its end. 

The following steps are taken with the 
idea of utilising this result as a justifica- 
tion for the reduction (below six) of the fac- 
tor of safety of winding ropes in the deeper 
shafts : — 

Let ** a " denote the supported load (tons) at end 

of rope. 
Let •' b denote the weight of rope (tons). 
Let ** y, *' denote the factor of safety at lower end 

of rope. 
Let ** y., " denote the factor of safety at upper end 

of rope. 
Let " 8 " denote the cross wire section of rope (sq. 

inches). 
Let " X " denote any specified vertical depth (feet). 

It is a fact that new rope, of usual con- 
struction, of 1 sq. in. wire section weights, 
very approximately, 4 lbs. per ft., and that 
ropes of larger or smaller section weigh pro- 
portionately. 
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The stepl that will be considered initially 
in of 120 toQS per sq. iu. reduced in effi- 
ciency to 108 ton stuff as laid up in the 
rope. 

It will be Been that the iollowing relations 
CMst; — 



"s, b- 



4x 

2,000* 



„ _ _ Streng th of rope 
^-~" Maximum load 



{y~'^2,tm)^ y, 500 

(y,-v.,) 54,000 ,,. 

whence x=i^'-^-^^i ^_— (1) 

If y^ = &, or v., = 5, or y^ = 4-5 then this 
equation becomes : — 

x= ^^^ 9,000 (Ila) 

x=^^ 10,800 (lib) 

V -4-5 
x^' ^' 12.000 (lie) 



In the equation x= '-i — ^ 12,000, the value 

of X for various values of y, are as follows : 
yi= 6, 7, 8, 9, 10. 

x= 3,000 4,286 5,250 6,000 6,600, 

To obtain the critical depth for various 
of y, it is uecessai^ to substitute 
values in the equation: — 
4x 8 _ 35 ^35 |08s 
2,000 100* 100 y, 

18,900 



valu* 



whence x = ■ 



yi 



(Ilia) 



r from substituting in Equation (I) :- 
^ 14.000 . 

*~ y^ 



(Illb) 



so that if yi = 6, 7, 8, 9, and 10 succes- 
eively x will = 3,150, 2,700, 2,362. 2.100, 
and 1.890. When these depths are com- 
pared with the depths obtained from equa- 
tion lie., shown earlier, und also tfith those 
obtained from equation Ila. (in which y^^C 
as at present on the Rand), viz., 0, 1,285. 
2,250, 3,000, and 8,600 it will be seen that, 
in the case of y, = 8, the values nearly coin- 
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eide, and, that for higher values of y,, the 
increusea of winding depth that would be 
obtained by the adoptiou of 45 as a factor 
of safety are all out-side the limiting posi- 
tion for augmentation of kinetic stress aris- 
ing from wave reflectious. Diagram I. HIue- 
trates this point and shows the curves de- 
rived from equations ila., lie, and Ilia. 

The curves in dotted line show the effect 
of ft reduction in the breaking load of the 
steel from 120 tons to 111 tons per square 
inch. 

It can be calculated, and may he ob- 
served on the Diiignim I, that the surves 
lift, and Ilia, meet at the point y, = 81, x 
= ■2,383. 

If B denotes the available breaking sti-ess 
of the steel wire in the rope, i.e., say 90 
per cent, of the actual, theu Equation I. 
becomes : 

X = ^' ~-^- 50:)B 

and Equation III becomes : 



These curves, for the value of y,=6, meet 
at the point x = 21tiB; yi^Sl, this latter 
value being independent of B. 

Diagram 2 shows, with y, as ordinate, 
the curves denoted by Equation (1) after 
the substitution of various values of y,; 
and also the curve of " critical " depth. It 
will be seen that the " critical " cur\'e 
meets the curve Vi =8 at a depth of '2,362 
ft., while this latter curve cuts the horizon- 
tal line y^-fi at 2,250 feet. 

Considering that theoretical results are 
about to be applied to a practical problem 
and that there is every probability of the 
speed as well as the gtrcngth of the wave of 
kinetic sti'css being reduced in tiie practical 
case, the writer feels perfectly justified in 
assuming that the " critical " ciine falls 
within the 2,250 feet mark on the yj = 6 
line, that is to say, to the left of the point 
where the curve yi — 8 cuts this line. 

The factor y,, which may be called the 
' cap a city -factor " cf the rape, denotes 
how many times its bi-caking load is greater 
than the load it has to tninKport. 

In witidiug a load, of, say, 10 tons, front 
a depth of 5,250 f<-ft to the suiface, witli a 
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pope of 80 toils breaking loud, the curve, 
yi = 8 sliows wliat the factor of safety (y,) 
will be wheu the conveyance is at any par- 
ticular depth, e.g.. ',02 at 4,000, 5038 at 
3,000, 617 at 2.0(K), 6-97 at 1,000, and 8 
at the surface where there ie only a small 
weight of rope to effect any difference be- 
tneen y^ and y,. 

Seeing that a minimum factor of Hafety 
6 has been found sufficient at shallow and 
moderate depths, and seeing that the rope 
denoted by y,=8 provides for a factor of 
safety of 6 within the danger zone, i.e., the 
area to the left of the critical curve in the 
Diagram 2, the writer proposes to allow 
tliis rope, or a rope with the same capacity- 
factor, to go dowu further, to depths wliere 
the faetor of safety is 5 or even 45. 

If a larger rope is used iu order to attain 
a factor of safety of moi-e nearly 6 outside 
the danger zone, then this rope will have an 
unecessarily high factor of safety within 
this zone. It would be represented on Dia- 
gram 2 by the curve y,=8'5 or yi = 9. 

A rope of capacity-factor of 8 may not 
have actually its greatest reserve of 



strength at a point just beyond the critical 
curve for the following reasons: — 

(1) The intensity of the wave of stress 
due bo shock in alt probability diminishes 
during its passage along the rope. 

(2) The longest rope possible is at the 
greatest advantage in the case of certain 
shoclfs. 

From long experience in winding opera- 
tions it has been found that a rope with a 
minimum capacity -fact or of yi = 8 is strong 
enough to withstand stresses due to both 
static and kinetic conditions up to a certain 
depth where ys = 8. In the midB( of uncer- 
tainty and conjecture it is, however, known 
that the kinetic stresses are less below this 
depth, in some cases the difference increas- 
ing with depth. Is it not, therefore, sound 
practice to allow the static stress to slightly 
increase '.' 

Some reduction of yj may be adjudged to 
be permissible, and this reduction should be 
gradual in proportion to the depth. A con- 
stant capacity -factor such as yi = 8 meets 
tlic case, but the question remains to be 
answered as to what limit should be set to 
the reduction in y^. 
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Before answering this question it is best 
to carefully consider the other proposals 
that have been made in the way of safety 
factors of fomiulae. 

Diagram 3 illustrates the old conserva- 
tive idea of the fixed factor of safety. This 
syst-em is iixtremely harsh on all deep level 
mining schemes unless tapered ropes are 
used. Taking for minimum value y2 = 6, for 
2,000 feet the capacity factor will be 7*7, 
for 4,000 feet 108, and for 6,000 feet the 
enormous value of 18. These values of yi 
also give directly the values of Vj when the 
load is at tlie surface, whence the differ- 
ences in the reserves of strength that have 
to be maintained in the ropes may be 
readily seen. 

Diagram 4 illustrates the effects of the 
application of the ** stepped "-factor of 
safety system, as advised by the U.S.A. 
manufacturers. Its inventors appear to 
have overlooked the fact that, in winding 
from 2,000 feet, the 1,(X)0 foot step has to 
be passed, and that, in winding from 4,000 
feet, all the intennediate stages have to be 
negotiated. This system calls for a mini- 
mum factor of safety of o'S at 1,000 feet, 
but allows a factor of 5 directly the 1,000 
leet depth is passed, and so on at each 
step. Finally, it permits a minimum factor 
of safetv of 3-6 for 3,000 feet and over. The 
winding rope for 6,000 feet would have a 
capacity-factor of 6, while that for 3, (XX) 
feet would have only 4'5. 

Diagram 5 shows for depths of 2,000 feet, 
4.000 feet and 6,000 feet the effect of using 
j-ither of the composite formulae Sa-^h or 
7a-h2b in deciding the breaking load of the 
winding rope to be adopted. 

Both these fornmlae result in the same 
rope of capacity yi — 9 for 6,000 feet, where 

The Sa + b formula becomes yi = 8'64 at 
4.000, wiiere y. = r)-26; and y, = 8-308 at 
2,0rX) feet deptl), where y2 = 6-353. 

The 7(/ -^2h formula becomes yi-8*22 
at 4,000, where yn=: 5*102; and v,=^7-56 at 
2.00,0 feet, where \%-5-906. 

The latter results in values of v, below 
6 within the critical depth, while the former 
(i.e., Su-rb) errs on the generous side with- 
in this danger zone, being always higher 
than yi - 8. 

Tapered ropes, generally sectionally 
tapered ropes, have been used in a few 



cases in deep levels on the Rand to main- 
tain the legal minimum factor without ac- 
cumulating an undue reserve of strength. 
The best friends of this class of rope will 
hardly claim that it has been a great suc- 
cess. They have to be especially designed 
for each shaft and are naturally expensive. 

By reducing the factor of safety below 
6 after the critical depth is reached the 
necessity for tapered ropes is done away 
witJi. 

If a winding rope is installed of capacity 
fiictor V, — 12 it can be allowed to wear 
down one-third before it reduces in capac- 
ity to yi — 8. The writer proposes this prac- 
tice for general adoption considering that 
' it would not create any hardship in the 
' case of any shaft under 2,000 feet in depth. 

The limit of y2 = 4'5 appears a reasonable 
one to adopt in the light of American ex- 
perience in deep level winding. Between 
the depths of 5,250 feet and 6,000 feet the 
; 4*5 limit could be maintained by allowing 
' less than one-third loss of strength in the 
rope, or, as shown later, by initially adopt- 
ing a higher value for B. 

The Kegulation dealing with the relation 
of breaking load of the rope to the maxi- 
mum working load would require to be en- 
tirely altered, and should read somewhat as 
fellows : — 

1 

yo icindiiig rope shall be used when the 
j breahiny load at any j)omt therein has be- 
come reduced to less than eight times the 
load carried at its lower cfid, provided, how- 
ever, that in no case shall its factor of 
safety, based on its existing strength and 
juaximiun norlnng load be permitted to fall 
below 4*5. 

The latttjr provision in the proposed 
Ixegulation is necessary' if shafts of over 
5,250 feet in depth are taken into considera- 
tion, if steel of unnecessarily low ultimate 
stress is used in the manufacture of the 
rope, or in case of abnormal wear in the 
ui)per parti of the winding rope. 

The initial value of yi as found in the 
vertical shafts on the Hand are as shown 
in the following table, from which it will be 
seen that the proposal to start off at yi = 12 
and permit wear down to yi = 8 will afford 
relief to the deeper levels without pressing 
hardly on the shallower mines. 
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Average value of Capacity. 




factor = 


=y«- 




Calculated 




Depth of Shaft, 


for 




in feet. 


maximum 






load of 


When 




person 


hoisting ore. 




plus weight 






of 






conveyance. 




Less than 1,000 


18-33 


14-02 


1,000 to 2,000 


17-0 


11-08 


2,000 to 3,000 


20-08 


14-52 


3,000 to 4,000 


21-73 


1417 


4,000 and over 


22-4 


15-3 



In sorting out the values of }\ shown in 
tlie preceding table an opportunity was 
afforded of checking the rule on which the 
writer's fonnulae were based, viz., that rope 
of 1 square inch wire section weighs 4 lbs. 
per foot. In the licensed hoists on the, 
liand there are 101 ropes working in ver- 
tical shafts. These ropes range in size 
from 0*78 inch diam. to 2 inch diam., or 
from 1 lb. to 7 lbs. per foot. The ultimate 
stress of the steel varies from 100 to 149 
tons (of 2,000 lbs.) per square inch. 

The breaking load of each rope was cal- 
culated and then compared with the actual 
test result. The calculation consisted in 
dividing by 4 the product of weight per ft. 
x90 per cent, of the ultimate strese of 
steel. The actual breaking load was slightly 
greater than the calculated B.L. in 40 
instances and slightly less in 61 instances. 
The average actual B.L. of the 101 ropes 
was 74-48 tons, while the B.L. calculated 
from the average ultimate stress and aver- 
age weight per ft. was 75-67 tons. 

In the 40 instances just mentioned the 
average weight of the rope per ft. was 
1-1973 lbs., while in the 61 instances the 
average was 3058. Kopes of all intermedi- 
ate sizes and of various types of construc- 
tion were included in each category, and no 
definite modification of the rule to suit 
either size of rope or type of construction 
can be now suggested by the writer, but it 
is evident from the average results that the 
heavier ropes are somewhat less efficient 
than the lighter ones if the initial test 
breaking load is accepted as a standard. 



It requires to be remembered what is 
really meant by the curve designated, for 
the sake of brevity yi = 8. It is the curve, 
for various values of x and y*, obtained by 
substituting this particular value of y, in 
the equation. 



Vi- 



yi y> 



^500B. 



Substituting this value of yt the equation 
becomes 

8xy,= (8-y2) 500 B. 

If y2 = 4-5 and B = 90 per cent, of 130=117, 
then x = 5,688 ft., while if y2 = 4*5 and B 
-90 per cent, of 140 = 126, then x = 6,125 
ft. The number 500 was arrived at by 
dividing 2,000 — the number of pounds in a 
short ton — by 4, the alleged weight per foot 
of a rope of one square inch wire section. 

It is evident, therefore, seeing the posi- 
tion of the quantity 500 B in tlie equation, 
that corrections to suit all circumstances, 
including loss of efficiency in the rope, i.e., 
the lowering of its strength in comparison 
with its weight, can be introduced readily 
by an adjustment of the value of the 
numerical factor. 

Tlie simplicity of the writer's proposal 
has been alluded to earlier in the paper. 
This point need hardly be enlarged upon, 
but it may be just mentioned that, in 
selecting a rope for a winding proposition, 
the fact that the depth of the shaft may be 
left out of the calculation is of some little 
assistance. 

This investigation has only been con- 
cerned with vertical shafts, but its applica- 
tion may, with modifications, be extended 
to incline and compound shafts. 

Appendix. 

In this appendix are given the calcula- 
tions for estimating the stress occasioned in 
the winding rope (** x " feet long, of weight 
** b " tons and carrj'ing a load of " a " 
tons) by a kinetic shock at velocity " v '* 
feet per second occurring under three dif- 
ferent circumstances, described under Cases 
I., II. and III., the wave of stress travelling 
at the rate of V feet per second. 

The rope is n^garded as a single wire of 
section ** s " square inches. 

In translating the results the following 
points have to be remembered : — 
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(1) A wave transmitted along a wire rope 

will probably suffer considerable dimi- 
nution in intensity due to the fric- 
tion between the strands and wires 
as it travels, and, this being so, the 
stress will not reach such high values 
as in the case of a single wire. 

(2) The reflections at the top and bottom 

ends of the rope will be by no* means 
perfect, especially so in the case ot 
the former. 

(3) The length of the wire spiral may be 

from 5 to 10 per cent, greater than 
the length of the rope, so that, if the 
wave splits up into components along 
the separate wires the rate of travel 
will be lessened. 

By neglecting to take account of these con- 
siderations and applying the theoretical re- 
sults directly to the case of a wire rope the 
error is on the side of safety. 

It would be extremely interesting to 
evaluate these considerations by means of 
practical tests in a deep mine shaft. 

Case 1. The rope is lowering the load 
'* a " when motion of ihe former is sud- 
denly stopped. 

V 

A wave of stress, S = E^, travels down 

the rope and is reflected when it reaches the 

lower end, stress 2S resulting. The force 

retarding the motion of the load (equal to 

*' a " tons) consists of two parts, one of 

which is constant, viz., P==K.E.^, and the 

V 

other part, viz., K.E.^' varies with the 

velocity of the load at the moment. 

Equation of motion : — 

a dv ,^E 

... — - =K— (v -4- V ) 

g dt V ^ ^ '^ 



whence dt = 



a V 



dv 



gE.K v+Vr 
Integrating between limits v^ = o and v we 

a V 
obtain t = —^^ (\ogJ2v - log^v) 

whence t = — wr? log,.2 

g EK ^ 



If L feet be the length of the wave 
L = 693 ^^^ independent of ''v" 

g iliJV 

shock velocity. 



—the 



Substituting the value V- = 



E 



L= .693 



a 



gpK 



or Lg/oK=.693a. 

Thus the weight of rope included in the 
wave is equal to abouti '7 of the weight of 
the load carried. If the length of rope, x, 
is equal to one half L, the wave will, after 
reflection at the upper end (where the stress 
will be increased to 3S), return to the lower 
end just as the load *' a '* has been brought 
to rest. 

If the rope is shorter than -^, or less 

than '35 a in weight then the stresses men- 
tioned will be increased, as illustrated in 
Diagram 6. 

35 



When *'x" is such that b = 



100- 



a, this 



depth may be called the ** critical." the 
shock being greater for lesser depths, but no 
less for any greater depth. 

Case II. A load " a " with velocity v 
downwards is suddenly attached to the end 
of the rope previously at rest. 

This may occur as the result of the cage 
sticking in the shaft while being lowered 
and slack rope accumulating. The driver 
perhaps notices something wrong and stops 
winding. Before the slack rope is taken up, 
the cage may free itself and fall. 

The lowest section (infinitely thin) of 
the rope is instantly jerked into motion 
downwards with velocity v feet per second. 
This section communicates its motion to the 
section next above, and would thereby come 
to rest were it not that it is still moved 
downward by a, but now, with reduced 
velocity, some of the kinetic energy of a 
being expended. 

A wave of stress travels up the rope, of 

V 

head E-^ and of gradually reducing in- 
tensity. 

The load is experiencing retardation pro- 
portional to its velocity, and cannot mathe- 
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I 



WOUK ' , iDIAC. 







imiticully speaking, be stopped until the 
wave rDflectod from the top end has reuched 
it. 

E()iuition of motion of " ii " dovvnwaivis: 

g dt "V" ' 

Integrating between limita v^ -v, and v 

■ "t" the time ^ tak( 

wavt' to go up and down the rope. 
.vefindt^lo- ^=.2jLg^^ 



*geK^ 



If b= .35 a, then — — 2 and the velocity hait 

been rcduted to one half. 

The wave now doubles on itself and goes 
up the rope again, the force retarding a's 
downward motion at tlint inst-ant being SJ 

timea K-^ ■ 

This rope is evidentJy long enough to en- 
sure that the motion o£ ft downward may 
be arrested before the next return, of the 
wave. If tlie rope were not long enough a 
still greater stress would be created at the 
subsequent returns of the wave. 

The longer the rope the more nearly will 
stress at the lower end re- 



duce to 2S where S = Et-- 
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The least length of rope could be cal- 
culated which would allow of the down- 
ward motion of the load " a " being ar- 
rested just before the head of the wave 
reaches the lower end of the rope for the 
second time. 

For the purpose of this paper, however, it 
is sufficient to have shown that the depth 
calculated for Case I. provides safety in 
this Case II. 

Case III. Starting to hoist with the rope 
shick, so that the load is suddenly jerked 
into motion. 

If the rope is suddenly given a velocity v 
feet per second, the lower end when the 
wave of stress reaches it would, if there was 
no load attached to it, respond with velcc-. 
ity 2 V. The load being there, no motion 
of the lower end of the rope can tfike place 
until this load is accelerated upwards. The 
equation of motion will be: — 

adv ^, E , E 

— ;v. =2k ,7. V - k - Vr - a 

g dt V V 



Integrating between the limits Vr— o and v 

a V , 2Cv-a , ^ , E 

V 



gEk 



2Cv-a 
Cv-a 



we find t = -^ r logp "nS, ^ where C=k C> 



2x 

If t = - 



^^>ge 



2Cv 



Cv - a 



a 2b 
a 



If Cv = lla then b = l-242a 

Cv = 3a b = ■458a 

Cv = 100a • b="35 approxi- 

mately. 

The advantage of a long rope is apparent, 
as it will allow the load to be fully acceler- 
ated before the return of the wave of stress 
to the lower end of the rope. 

The shock velocity here appears as the 
determining factor in the length of the 
wave. Although for moderate shock 
velocities the ** critical " depth arrived at 
in Case I, is exceeded, it has to be noted 
tliFft the extreme shock is onlv likelv to 
occur at starting the upward trip, when the 
rope is the longest. 

The General Formula: — 

a V 
The factor of safety==y^,~--*\^, whence 



a v., a 



s 



c. m.s.B 



^'^-:5-,where**m''= 



fraction of wire section remaining in a worn 
rope. Combing these equations, there re- 
sults the general formula : — 



x=- 



yi - Y: 



-m. C . B = 



where D=m . C . B. 
If yi=8 and .y^— 4-5 

If yj=9 and yo=4-5 



yi - y< 

Yi y-j 



^D 



1 



x=(very nearly) ^D. 







• 


Values of 


D. 






• 


108x600. 


108x500. 


B X C. 


120x500. 




m. 


108x400. 


120x600. 


120x400. 


1-0 

•8 
•7 
•6 


64,800 
58,320 
51,840 
45,360 

38,880 


54,000 
48,600 
43,200 
37,800 
32,400 


1 

43.200 
38,880 
1 34,560 
30,240 
25,920 


72,000 
64,800 
57,600 
50,400 
43,200 


60,000 
54,000 
48,000 
42,000 
36,000 


48,000 
43,200 
38,400 
33,600 
28,800 



The value of C depends on Ihe weight per ft. of the rope. As t' e rope decreases in 
weight ONviiig to abrasion or corrosion, or stretching, so does C increase. 
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Roger Price (Member)' contributed the 
following to the discuseion on tihe foregoing 
paper. He said : 

In order that I might the better discuss 
Mr. Vaughan's valuable paper, I have re- 
read his former classic communication on 
the subject of ** The Effect of Kinetic 
Shocks on Winding Ropes , in Vertical 
Shafts/' extracts from which appear in an 
abridged and revised "form in the appendix 
to his present paper. 

As far as I am able to judge, the author's 
conclusions arrived at by that investigation 
are in the main correct, and especially the 
one relating to the ** critical depth.'" 

In his present paper the author has fur- 
nished a very lucid investigation of the sub- 
ject of * ' The Factor of Safety of Wire 
Ropes," and he is to be congratulated on 
his endeavours to arrive at simple formulae. 
In the writer's opinion, he has perhaps 
erred somewhat in this direction. 

The problem is not in itself an easy one, 
and it seems almost inevitable that more or 
less compUcated mathematics must attend 
"its adequate solution. The first point w'hich 
appears to be open to criticism is the 
author's method of estimating the breaking 
strength of a rope. The writer doubts 
whether the factor of 90 per cent., by w^hich 
he multiplies the actual wire strength, in 
order to arrive at the strength when laid 
up, is a fair avemge. 

At a later stage in this contribution the 
writer introduces a set of formulae for com- 
parison with the author's, in which the 
** useful steel " factor is used. This also 
is more or less empirical, but the waiter 
claims that it is fairly correct, as the result 
of many years of use, in comparison with 
the breaking strengths of wire ropes, both 
as published by makers, and as records of 
actual tests. 

Referring to Diagram 2, the author pro- 
poses to allow the rope denoted by yi = 8 to 
go down further, to depths where y, is 5, or 
even 4*5. This proposal appears at first to 
afford a verv desirable relief in the case 
of deep shafts, but is evidently in conflict 
with the proposed modification of the 
regulation, given further on, which pro- 
poses to limit the '* capacity factor " to a 
minimum of 8, and the *' safety factor " to 
a minimum of 4*5. 



In Diagram 1, and in several other places 
it is clearly shown that these two condi- 
tions occur simultaneously only at a depth 
of 0,250 feet, and that at, for instance, the 
'* critical depth " on curve II.C. (3,111 ft.) 
the ** capacity factor " corresponding to p 
minimum safety factor of 4*5 is only 6'075 
(for the value B = 108). 

The writer's opinion is that any proposed 
relief on the lines indicated by the author, 
which does not provide for shafts as shal- 
low as, say, 3,000 feet, will have no prac- 
tical value. By way of a reductio ad ah- 
surdum, it is evident by applying Equation 
1, in its modified form, that the value of 
" B," to conform with the proposed regula- 
tion in a 3,000 ft. shaft, is 61*7 tons, corre- 
sponding to a breaking stress of the wdre of 
only 68*5 tons. Using 120-ton steel with 
a '* capacity factor " of 8, the value of ya 
then becomes 5*538, or very little better 
than common existing practice. 

To revert to the author's method of 
estimating the strength of a rope : — the 
writer, in his opening remarks, questioned 
the factor 90 per cent., which seems to him 
rather high, in comparison \^^th the factor 
x=--*34 d*, which, in a previous communica- 
tion, has been called the " useful area of 
steel " in a rope. 

The aggregate steel contents of seven 
ordinary six-strand ropes in terms of '* d," 
the diameter of the rope, are tabulated be- 
low : — 

Construction of Eope. 

6/7 6/13 6/15 6/16 

•392d* •388d' •388d=' '3dod^ 



6/17 
•401d' 



6/18 
404d» 



6/19 
•407d^ 



Neglecting core wires and making the 
usual commercial reduction for laying up, 
the very convenient approximate average 
factor x=:*34d* is deduced for all the above 
constructions, and it is about 85 per cent, 
of the aggregate steel contents. As a mat- 
ter of fact, this varies, for different con- 
structions, between •33d^ and •345d*, and 
for close calculations the writer uses tihe 
exact value in each case. 

The following investigation and resul- 
tant formulae are submitted as prabably 
giving results somewhat closer to accuracy 
than those given by the author of the paper. 
In doing so, the writer has altered some of 
the sj^mbols, where possible, to conform 
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with the author's, and thus to facilitate 
comparison : — 

Let yi = Capacity factor of rope. 
,, y3 = Safety factor of rope. 
,, f = Actual breaking stress of steel 

used in the rope, in tons. 
,, d — Diameter of the rope, in inches. 
, , X = Useful area of steel in the rope = 

•34d* sq. ins. 
,, w = Weight of rope in lbs. per ft.= 

l•04d^ 
,. L=-- Length of suspended rope, in ft. 
,, W = The weight of loaded skip or 
cage, in tons. 

The breaking strength of the rope is xf . 
The weight of the loaded skip or cage 

(W) is — 

yi 

the weight of suspended rope is^; 



wL 



2,000 
Then we have: — 

Breaking strength of rope 
J I — Weight of loaded skip plus weight of 

suspended rope. 

xf 



xf wL 

y", 2000 

^ 2000 y, xf 
~2000xf+wLy,' 

hence : — 

j^^ 2000x f (y,-y,\ 

w(yiy,) 

Substitute values of ** w 
then : — 

2000 (•34d-f) (y, - y,) 



i* ... »» 



and 



** X " 



L= 



l-64d2 (y, y,) 
414 6 f (yi - y,) 



(1) 



say 



(2) 



Yi y> 

415f (y, - y,). 

yi y-j 

Til is is comparable with the author's modi- 
fied equation (1), 

500B (y, - y,) 



x= 



yi y-. 



in whieii ** B " is the same thing as 'Of and 
'* X " the same as ** L,*' and which would 
then become : — 

j^_450f (yi_- y,) 

yi y-i 



It will be seen that the constants 450 
and 415 are approximately proportional to 
the factors 90 per cent, and •34d', referred 
to above. 

The above formulae (1) and (2) are cor- 
rect for a new rope, but in estimating the 
strength of a worn and otherwise deterior- 
ated rope the factor ** x '* and " w " must 
be suitably reduced. 

Assuming the case named in the paper, 
viz., a reduction in strength, of 1/3, *' x '* 
will have to be reduced from •34d' to, say, 
226d^ The unit weight " w " may, per- 
haps, be considered as reduced to some such 
value as l*5d-. The writer has not closely 
investigated this value, and it is advanced 
tentatively and subject to correction. It 
should also be remembered that the reduc- 
tion in value of ** x," in most cases, must 
not be considered as wholly due to reduc- 
tion in cross-sectional area of steel, and 
therefore the reduction of ** w '* is not 
necessarilv commensurate with that of **x," 
and again it must be remembered that there 
is a small but indeterminatie compensation 
due to accretions of grease and other foreign 
matter on the rope. It is evident that if 
the values of ** w " and ** x '* were reduced 
in exactly the same proportion the result- 
ant formula for the worn rope would be 
exactly the same as (2). 

The formula for the worn rope will then 
probably take some form such as: — 



2,000 (■226d ^f)(y^-y,) 

^-' lodMyiy,) 



(3) 



j^^ 300f(y,-y, ) 

yi y-i 

Note. — ** d '* still denotes the original 
diameter of the rope. 

Comparing formula (4), as before, with 
the author's formula (1), it is seen that 
the resulting values of *' L '* (the author's 
" x ") will be 66*6 per cent, of those ob- 
tained by the author's formula (1), or 72 
per cent, of these obtained by the writer's 
formula (2). 

These somewhat startling results lead the 
writer to sunnise that his tentative estim- 
ate of the value of *' w " in a worn rope 
may be too high. It may possibly have, for 
instance, some such average value as 
l-25dS in which case formula (4) would be- 
come : 
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j^^ 36010., -y,) 

yi y^ 

giving values of L 80 per cent, and 86*7 
per cent, of those obtained by the author's 
formula (1) and the writers formula (4) 
respectively. This question of the changes 
during the life of a rope in the relative 
values of " w *' and ** x " appears to have 
a very important bearing on the problem, 
and the above tentative formulae relating 
to it are advanced in the hope of eliciting 
useful data, which could be easily obtained 
by weighing a number of specimens of worn 
ropes, and comparing the results with their 
breaking strengths. In this way it should 
be possible to airive at an approximately 
correct single co-efficient or set of co-effi- 
cient for various constructions of rope. 

It will be observed that by the use of the 
writer's formula (2) the ** critical depth " 
Lo is also reduced as compared wiiTi tiiat 
obtained by the use of the author's modi- 
fied formula (III.), thus : 

wL^ 



hence : 



xf 

2Toob=f/*^^) 



164d^__:34d^ (.35, 



and : 



2,000 



Le- 



yi 



145 f 



yi 



(6) 



The author's equation (III) is : 

175 B 
x= 

yi 

or, using the writer's symbols : 

175 09 J) 

yi 

157-5 f 



Le= 



L.- 



yi 



The critical depths obtained by the 
writer's formula (6) will therefore be 
145 X 100 
-92% of those obtained by the 

157-5 

author. 

It is clear that the writer's tentative for- 
mula (4) and (5) must not be used for the 
" critical depth." This must be determined 
for the new rope, and for that only. 

For comparison with the fipjures appear- 
ing in the table at the top of the next page 
the following may be of interest. 



The shallowest depths for which the 
author's proposed new regulation would 
apply, with ihe above grades of steel, are as 
follows : — 

Five- ton. — By the writer's formula (4) : 
L= ?«^(y>^y^)=4.115 ft. 
By the water's formula (5): — 
L=i:ll^ = 4.983ft. 

By the author's formula (1): — 

J_4,115X450 

^ 300" =^'"^**- 

Three-ton. — In this case the three cor- 
responding figures are 4,174 ft., 5,008 ft., 
and 6,265 ft. 

K. B. Greeb (Member) recalled a paper 
which he had read, and which he thought 
had contributed to the knowledge that very 
high breaking strains in wire ropes were a 
disadvantage. With regard to deep level 
winding, there should be a little relief given 
from the six factor of safety, including the 
weight of the rope. He realised that the 
elasticity of the rope nearly counter- 
balanced the weight. His experience of 
seventeen years .in supplying wire ropes had 
led him to believe that a rope nearly al- 
ways broke near the skip, showing that the. 
extra margin of safety which was allowed 
for the weight of the rope was not needed. 

The few serious accidents in the early 
days of the Rand occurred when the rope 
was nearly up to the top of the shaft. In 
wire ropes the break, when it did occur, was 
mostly near the bridle. 

As to kinetic shock, did Mr. Vaughan 
mean a recurring kinetic shock, or the one 
shock when an accident occurred? With 
the modern electric winder, with power 
transmitti^d from a turbine engine, the re- 
curring shock of the reciprocating engine 
could be disregarded in the deeper shafts of 
tlic Ivand. The wave shock of a sudden ac- 
cident did not mean anything at all be- 
cause tlie first wave was so much less than 
the original shock, and each successive 
shock went dying down, and did not need 
to be taken into one's calculations. 

If they insisted on their present factors 
of safety at the end of the rope, and added 
only one-third of the w^eight of the rope, 
they would arrive at a workable formula. 
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Particulars of Ropes on the Five-ton Hoists, Deep Shaft, Cinderp:lla Cons. 

G.M., Ltd. 



1 

Hoist 


d 


w 


f 


B.W. 






L 


W 


wL 


wL 

^^+2000 


Capacity. 


Ins. 


Lbs. 


Tons. 


Tons. 


7i 


y-i 


Feet. 


Tons. 


2000 


1 






1 












Tons. 


Tons. 


1 

5 tons . . 


If 


3-19 


141 


97 


11-75 


6-5 


4,200 


8-25 
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14-95 




If ''B.W." re 


duced 


















by J land " 
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65 
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4-5 
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8-27 


6-03 


14-28 
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f"w" 
















1 


neglec 
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-"^~ 


65 


7-88 


4-34 


4,200 


8-25 


6-7 


14-95 


3 tons . . 


1^ 208 i 143 


65-3 


1 11-87 


6-6 


• 

4,200 


5-5 


4-4 


9-9 




If "B.W.''re 
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1 
1 
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43-5 


7-9 


4-6 


4,200 


5-5 


3-96 


9-46 
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ctionof'Sv" 


















negle'} 


ted 

1 




43-5 


1 7-9 


4-4 


4,200 


5-5 


4-4 


9-9 



One must come back to the result of ex- 
perience. In a depth of 6,000 feet they 
would never get a curve which w^ould be 
perfectly correct, but he thought it would 
be fairly correct if t"liey worked on a factor 
margin of six for the weight at the end of 
the rope and a third for the weight of the 
rope. 

J. W. KiRKLAND (Member) said that a 
long elastic rope would be subjected to a 
great deal more strain near the point where 
it was fixed — as in the bridle of the skip — 
than anywhere else. Travelling waves must 
bank up where they are brought to a stand- 
still, and the increase mav amount to 
double the ordinarv stress. This was as true 
in mechanics as it was in electricity. They 
had all read in the papers within the last 
year or two of the examination of steel cast- 
ings by means of X-rays for the deter- 
mination of fiawTS. He asked the author of 
the paper if it was not possible, when ropes 
were suspected or when they were worn, 
for some X-rav examination to be made to 
determine the condition of the inside, which 
was otherwise inaccessible. Since it was 
done with steel castings, why not do it 
with wire ropes? 

W. Martin Eptox (Past President) said 
that the subject of Mr. Yaughan's paper 
had been, discussed many times, but this 
was the first time that any finality had been 



arrived at with regard to tihe safety factor 
in ropes. Two points had occurred to, him. 
The first was in reference to Mr. Price's 
criticism regarding the laying-up factor in 
ropes. If his memory was correct the dif- 
ference between the strength of the rope 
and the aggregate of its wires varied with 
different constructions from something be- 
tween 4*5 per cent, to about 16 per cent., 
so that Mr. Vaughan's 10 per cent, verj- 
largely depended on the construction of the 
iT>pe, and presurnably there would be no 
difficulty in altering Mr. Vaughan's figures 
to suit the various rope constructors. 

Mr. kirkland had suggested that X-rays 
might be used in detennining the condi- 
tion of the inside of the worn rope, and cer- 
tainly the speaker had a great amount of 
sympathy with the resident engineer who 
was responsible for the assessing of the 
strength of the rope, and if the X-rays 
could be used for this purpose it might to 
a certain extent ease the responsibility of 
the resident engineer, who was responsible 
for the safety of thousands of lives. The 
engineer's trouble began as the rope began 
to wear and other deleterious effects oc- 
curred, such as corrosion, etc. There wei-e 
certain guides as to the conditions of the 
wire rope, which the engineer now had, but 
which were not realised some fifteen or 
twenty years ago. To-day, however, the 
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majority of them fhad a large experience, 
and were able from certain indications to 
more or less assess the strength of an old 
rope. It was comparatively easy for an ex- 
perienced man to assess the strength of the 
worn rope, provided the wear was entirely 
on tdie outside, and there was no interior 
corrosion, 

Regarding corrosion, a fairly certain guide 
was to take the weight off the rope, and if 
the wires then stood proud, one might be 
certain that the internal corrosion had taken 
place. Also if it was found that the dia- 
meter of the rope was considerably reduced, 
more than was accounted for by the outside 
wear, then it was also fairly certain that 
there was internal corrosion. 

The speaker did not know if he could say 
much more at present witli regard to the 
paper, but it appeared that Mr. Yaughan 
Jiad not only rendered great assistance to 
the local mining industry, but also the 
result of his work could be felt in every 
mining centre in the world. Mr. Vaughan 
had pix>bably done more for the safety of 
winding than any other man. The American 
Commissioners had been for nine years con- 
sidering the subject, but had arrived no- 
where. The English Commissionei's had 
vaguely said that such aJid such had been 
the case, and might be permitted, but had 
never given any difinite line to work on. 
Mr. Vaughan, that night, had given them 
definite conclusions. The speaker remem- 
bered that when the Safety Catch Commis- 
sion was sitting Mr. Vaughan had stuck to 
the factor of safety of six, because he was 
not certain whether he could with safety 
reduce that factor. Now, however, after 
ten 3'ears' further investigations he evi- 
dently felt certain in his mind. To-night 
the members had had the privilege of 
listening to a paper that would probably be 
a classic with regard to wire ropes, and live 
for all time, and the speaker would like to 
add his thanks to Mr. Vaughan for the 
valuable work he had done. 

E. J. Laschinger (Past President) said 
lie desired to associate himself with the re- 
marks of Mr. Epton with regard to Mr. 
Vaughan 's paper and the other contribu- 
tions which he had in the past given to this 
Institution on the subject. He thought it 
had been admitted by practically all engin- 
oei-s who had studied the problem that the 
factor of safety of six for a very deep-wind- 



ing proposition was too high, and he 
thought that Mr. Vaughan in introducing a 
new factor to assess the safety of a rope on 
capacity had made a very distinct advance 
witJi regard to regulations which might be 
framed in this or any other country where 
mining enginers and those associated with 
them had to design installations. Mr. 
Roger Price, in his discussion, had brought 
up particularly one phase of the subject 
which should receive very special considera- 
tion. He thought Mr. Vaughan realised it, 
but did not mention it in his paper. The 
solution he suggested with regard to wire 
ropes was, of course, that the capacity fac- 
tor proposed by Mr. Vaughan should be 
based upon the tests made from time to 
time on sections of the rope near the skip so 
as to introduce not the safety factor, which 
was at present the governing thing, but the 
capacity factor. With regard to the 
strength of the rope, he thought some of the 
older members might bear him out in re- 
collections of discussions which had taken 
place before this Institution and their kin- 
dred society, the Chemical, Metallurgical 
and Mining Society, concerning the de- 
terioration due to the action of gases in the 
shaft. The diminution in strength of a 
rope did not depend entirely upon the re- 
duction of the area. Naturallv, if one- 
eighth of the working area of steel wore 
away, then only seven-eighths strength was 
left. But they had two other factors to 
consider. One was the fatigue from age 
which occurred, and, secondly, there was 
the diminution of strength due to the action 
of gases upon the rope. It was very well 
known that certain gases, more especially 
hydrogen, which were evolved by the action 
of acid and mine air upon steel, were ab- 
sorbed, and that had a tremendous in- 
fluence in diminishing the strength of the 
steel. It was also well known, and had 
been demonstrated by experiment, that if 
those gases were again driven off by sub- 
jecting the steel to a certain temperature, 
tlie steel returned to the original strength. 
Therefore, in any calculations which might 
be made to determine whether a rope, after 
it had once been put on as new, was per- 
fectly safe, allowance should be made for 
deterioration due to wear and to natural 
fatigue, and they had, therefore, to fall 
back upon the final test, which was made 
at certain periods, according to regulations. 
They could then determine whether that 
rope was safe, not by going upon the fac- 
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tor of safety, but the capacity factor which 
Mr. Vaughan Ihad put forward that night 
as a more "reasonable solution for winding 
ropes in deep -level shafts. Mr. Price had 
criticised Mr. Vaughan 's paper, because, he 
said, accordmg to his own calculations that 
rope was only fit for shafts of a certain 
maximum depth; but surely if a rope was 
safe for a shaft of 5,000 feet, why worry 
about the same rope for a depth of 2,000 
feet? 

THE FACTOR OF SAFETY OF WIRE 
ROPES USED FOR WINDING IN 
MINE SHAFTS. 



Paper by J, A. Vaughan (Past President). 



Discussion. 

G. M. Clark (President) said : Before 
asking members to continue the discussion 
on Mr. Vaughan 's paper, I would like to 
say a few words upon it myself. Perhaps 
not so much on this paper as on papers of 
this kind. When an observation is made 
it is not, as is so often stated, an observa- 
tion of some thing, nor may it even be an 
observation of the relation of two things to 
each other. W^e cannot observe one thing 
any more than we can see a point as Euclid 
defined it, nor, unfortunately, can we often 
observe the simple relation of two tlliings to 
each other. Natural relationship is always 
complicated, and the relationships that we 
observe are often not real, but spurious, 
having been brought about by some unseen 
connecting link, such as a mere synchron- 
ism in time of happening not unfrequently 
provides. If, however, we are fort*unate 
enough to find the relation between two 
things, or to think that we have done so, 
we can tabulate or chart our experience for 
future reference. We soon begin to find as 
we collect such data, such, for instance, 
as the depth of shaft and diameter of rope, 
that the first relationship Ihas been dis- 
covered under one set of conditions that are 
perhaps not repea table. More data is col- 
lected and our tables become voluminous 
or our charts become covered with many 
spots like stellar constellations. From the 
chart we can always obtain two results 
straight away. By sufficiently compress- 
ing one dimension the points will all lie on 
a vertical line, whilst by a suitable com- 
pression of the other dimension the points 



will all lie on a horizontal line. By this 
mathematical treatment we thus immedi- 
ately obtain two results that do not support 
each other, for the lines expressing them 
are at right angles. The thing tthat has 
been left out is the sense of proportion that 
comes from experience either in dealing 
with the relationships originally or in their 
pseudo-mathematical treatment aften^^ards. 
A person of experience in a particular class 
of observations will choose the scales of the 
diagram so as to exhibit fairly well the real 
relationship to the best of his knowledge; 
whilst an inexperienced person will either 
mask the real variations by the smallness 
of the scale, or fall into the opposite error 
and show curves full of weird kinks and 
turns, through choosing exaggerated scales 
greater than the accuracy of the original 
observations will bear. The curve given by 
an experienced person is a form of short- 
hand statement of the evidence in the case 
as he sees it, sorts it and assimilates it. 
Instead of drawing a curve, a mathematical 
formula may be used for this shorthand 
statement. Such an expression then forms 
a sort of datum line from which to think, 
or perhaps, since a datum line is usually 
taken either above or below the works to 
be carried out, a better simile is that the 
curve or mathematical expression forms a 
thread runnning through the path of our 
experiences. By good luck such a thread 
may be along the centre of the path, and 
by bad luck it ma}^ at times ' cut outside 
the path altogether. Such a thread may lie 
in many positions of equal validity, and 
may either be of a coarse texture, such as 
Mr. Vaughan has left it, or spun finer by 
a more minute examination of certain con- 
stants, as Mr. Roger Price would have it. 
Useful as such a thread is as a guide, it 
does not often tell us what we are all most 
anxious to know, and that is the width of 
the road down which we have to travel. Ex- 
perience alone can give us this. Tnie, tJiere 
are relationships behind which there is a 
sufficient body of evidence to make us feel 
sure that the path is a narrow one and very 
nearly co-incident with the thread of its 
mathematical expression. But the sub« 
ject under discussion is scarcely one of 
these, for the concomitant vsiriables brought 
about by use — the effects of corrosion, for 
instance, have already been mentioned — 
are of more importance during service than 
the variables that are introduceable into 
! the discussion of the problem before service. 
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Obtaining numerical results from such 
formulae is such a facile and dangerous per- 
formance that one sometimes wishes that 
arithmetic had become a lost art or was 
only taught, if it must be kept alive, to a 
selected few who have had sufficient ex- 
perience in the field to collect their data 
and sufficient mathematical training to col- 
late them. If this were done we might 
treat problems more soundly, though pos- 
sibly in duller fashion, for it surely adds to 
our gaiety to see problems such as the flow 
of water in a channel worked out from for- 
mulae given for uniform velocity when the 
experience is that of a flow under far from 
uniform acceleration. Easier labour prob- 
lems, such as the building of a wall by 
eight men working twelve hours a day 
would not lead to the result that twelve men 
are required for eight hours a day, the 
right answer is probably about 10 when 
arithmetic is suppressed and experience of 
fatigue is understood in its place. 

As I said at last monthly meeting in 
moving a voto of thanks to the author, I 
greatly appreciate the elegant treatment he 
has given this problem, and the neat man- 
ner in which he has drawn the thread. I 
have only joined in the discussion to point 
out the dangers of such a thread unless 
fortified by experience, and trust that those 
who have the necessary experience will give 
it for the benefit of the Institution. I hope 
that the discussion w^ill be pursued as 
vigorously as it was last month. 

A. E. DU Pasquier (Member) said: I 
have nothing but admiration for the 
author's paper. In the last ten years I have 
had to interest myself to a considerable 
extent in the question of winding ropes, 
and have never seen the subject handled in 
a more original or enlightening way. I am 
not one of those who think the winding 
problem in South Africa has in the past 
been handicapped to any extent by rope 
limitations or Government regulations. The 
tendency of the future, however, is beyond 
doubt in the direction of heavier loads at 
reduced winding speeds, and I welcome the 
author's proposal to reduce yj when outside 
what he calls the danger zone, as it enables 
new conditions to be met, and unquestion- 
ably makes for reduced cost and greater 
efficiency without any real sacrifice in 
safety. 

The maxmium conditions hkely to be en- 
countered on the Reef are 30 tons of rock 



and skip from a depth of 6,000 feet, which 
a 2J-inch diameter rope 154 ton tensile steel 
will handle with a factor of safety, y, of 
4*5; such a rope is of course expensive, but 
is capal)le of giving quite satisfactory re- 
sults in practice in a vertical shaft, and 
with due regard to rope leads, drum dia- 
meters, etc. 

I :have some figures of a 2 -inch rope 
0/37/ -095 tensile 1472, winding 16,000 lbs. 
of rock from 4,500 feet, w^hich has been in 
operation some thirty months, and is good 
for still longer life. As further illustrating 
the reliable performance of ropes of this 
class, 1 may mention the case of a winding 
engine in which I was largely interested at 
Home, which was designed to raise 13*4 
tons of coal from a depth of 2,250 feet — the 
actual weight at the end of the rope w«ie 32 
tons, yj and y^ being 7875 and 6*675 re- 
spectively. 

When tubs and cages are employed, the 
autlior's proposals are the more valuable. 
As an example, if skips could have been 
used in the coal winding engine mentioned, 
the 2{-inch rope could have been reduced 
to If -inch diameter, or steel of a lower ten- 
sile value used. 

Another appreciable advantage of the 
skip method of winding is that shocks, 
coming under the author's categories II and 
III, are largely or entirely avoided. 

A further advantage of the reduced fac- 
tor of safety is, of co\irse, that it permits 
of using a lower tensile steel without un- 
duly increasing the diameter of the rope. 

While I submit that steel of the highest 
obtainable breaking stress can be used with 
satisfactory results in a vertical shaft under 
good conditions, this is certainly not the 
case in vertical shafts where the rope con- 
ditions are bad, excessive angle of lead, 
coiling on small drums in three or four lay- 
ers, or generally any excessive number of 
bends. 

T have recently had an opportunity of 
looking at some very accurately kept records 
of rope life in a compound shaft, extending 
over the last four or five years. The records 
distinctly show that the best results were 
obtained from ropes of large diameter wires 
and moderate tensiles. 

The most satisfactory rope in this particu- 
lar case was a l}-in. diameter 6/7*140/142, 
tensile 1232, such ropes having an average 
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life, apart from accident, of approximately 
350 days, as against perhaps 150 days for 
ropes composed of smaller wires and higher | 
tensile steel. 

It is interesting to note that with this 
6, 7 rope the ratio D — d works out at 723, 
which is rather on the low side. The use 
of, say, a No. 9 s.w.g. wire, *144-inch dia- 
meter, which is as large as one would want 
to go, need not involve any drum restric- 
tions, as with a ratio of 1) — d 1,000, the 
minimum diameter of a drum would be 12 
feet. This is not an unreasonable dimen- 
sion for a winding engine of any size, 
and at a rope speed of 2,000 feet 
per minute as a lower limit, the drum speed 
is 53 r.p.m., which can still be either com- 
fortably geared to a standard speed motor, 
or coupled direct if the size of the equip- 
ment would warrant it. 

Dealing now with the question of using 
steels of a lower ultimate stress, it must 
be conceded that, other things being equal, 
the lower tensile steel rope will have the 
longer life, which is a distinct advantage 
here, where there is no Government regula- 
tion as to the time a rope may continue in 
service. 

I am advised that the pre-war price dif- 
ference for the same size rope at 98 tons 
and 154 tons per square inch was as much 
as 70 to 80 per cent. ; one could therefore, 
if there were no other limitations, increase 
the sectional area of the rope in proportion 
to the tensile, and still get a cheaper rope. 
Of course, other factors come in, drum 
dimensions and so on, and in the past an 
exaggenited idea of the necessary factor of 
safety was an influence in favour of high 
t ensiles. Also, I believe, the idea is pre- 
valent that the lighter the rope the less the 
power consumption per wind. It is of course 
less to some extent, but usually quite in- 
appreciably, as the extra weight of the rope 
when winding in balance only slightly in- 
creases the inertia of the system, and con- 
sequently the power consumed in the accel- 
erating period of the wind, which to a large 
extent may be recovered in the latter por- 
tion of the wind. To some small extent the 
friction losses may be also increased, but it 
would be an exceptional case when the 
increased weip;ht of the rope would have any 
material bearing on the overall efficiency of 
the wind. 

The point I am trying to make, In per- 
haps a rather roundabout way, is that the 



proper use to niake of the author's proposal 
tor reducing y^ is not primarily to cut rope 
diameters, but to use steel drawn to a lower 
ultimate breaking stress, and only to utiliB« 
the higher values when up against rope dia- 
meter limitations. 

I notice that the author omits from his 
calculations any stresses due to acceleration 
bending or rope distortion, and agree with 
him that in the majority of cases it is not 
necessary to take these factors into account. 
With tlie modem tendency to restrict wind- 
ing speeds, previously mentioned, the ac- 
celerating stress will usually be less than 
1 per cent, of the dead load, including rope, 
and whereas at one time I endeavoured to 
show that the bending stresses might 
amount to approximately 30 per cent, of 
the total load on the rope, witJi a ratio 
D — d 1,000, the fact that rope distress is 
usually manifested in that part of the rope 
which never coils on the drum, has led me 
to think that the recognised method of cal- 
culating these stresses is not in accordance 
with actual pra-ctical results. 

In theory this stress may vary from a 
maximum of 30,000 lbs. per square mcti for 
a straight wire tp 10,000 lbs. for a rope with 
this particular ratio, and my former method 
of calculating the factor of safety was 

tensile of steel — bending stress x 
area of steel x K 

dead load + accelerating stress. 

K being of course a constant, depending on 
the make-up of the rope, and varv^ing accord- 
ing to construction from '80 to '95, but for 
the reasons stated above, I agree with the 
author that a ratio of D — d 1,000 bending 
stress can be neglected. 

With the author's curves and formulae 
rope calculations become a very simple 
matter, y, giving immediately the breaking 
load of the necessary rope, and having de- 
cided on any suitable figure for B, 

Yi X the load 
B 

gives at once the sectional area of the rope 
regardless of depth, and the actual y^ for 
any given depth can be conveniently calcu- 
lated from the author's equation : 

x=^^-^*500B. 

yi 72 ^ 

From the formula you can determine 
X or y, or ya, but you must pot try to deter- 



260 



"Wire Ropes for HoUting." 



mine B, as, for example, for 6,000 feet and 
factors of safety of 9 and 4.5 (it is essential 
to take points on the same curve) B = 108 
tons per square inch, which would result 
in much too large a rope if the load " a " is 
at all on the high side. 

I would like to ask the author why he pro- 
poses a yi of 12, when his calculations 
seemed to show yi = 9 to be sufficient, and 
why he finds it desirable to have a margin 
of 33-1/3 per cent. Also, I should be 
glad if he would explain what is really 
meant by allowing the rope to wear down 
one-third. 

yi 12 allow's for a 25 per cent, reduction 
in area, before yi 9 is reached ; this would 
correspond to a 12^ per cent, reduction in 
the diameter of the individual wires or in 
the circumference of the rope, assuming 
uniform w^ear and neglecting the hemp core, 
if there is one. A 2-inch rope could there- 
fore be reduced in circumference from ap- 
proximately 6-9/32 inch to 5^ inch, if there j 
were no broken wires — the effect of consid- 
ering the hemp core would be to exaggerate 
the above difference. I imagine it would 
be many years before a rope would shrink 
with fair wear and tear to such an extent, 
and suggest that such a rargin is not neces- 
sary. It does not follow that flattening is 
accompanied with appreciable loss ot sec- 
tion, and with moderate tensile steels there 
is, I think, no doubt that during the life of 
the rope there may be an actual gain in 
breaking stress, due to tlie gradual harden- 
ing of the wires, due to alterations cf stress 
and release of stress. 

Broken wires are another matter, but I 
do not think any one would care to run a 
rope in which broken wires accounted for a 
25 per cent, reduction in effective area. 
The point I wish to make is that in well- 
laid out vertical shafts there should be no 
need to increase yi above the author's 
figure of 9. Whether, in compound shafts 
and on inclines, where the rope gets so 
much harder usage, it is worth while for 
economic considerations to put on larger 
ropes, is a matter for individual experience. 

It would be most instructive if the author 
in reply could give us some actual figures as 
to the breaking loads of ropes, when new 
and when discarded, and the actual loss of 
sectional area by measurement. Generally, 
it would add to the value of the paper if 



either during the discussion or in the 
author's reply some actual figures of rope 
performance on the Reef would be given. 

THE FACTOR OF SAFETY OF WIRE 
ROPES USED FOR WINDING IN 
MINE SHAFTS. 



Paper by J. A, Vaughan (Past President). 



Continued Discussion. 

A. C. Whittome (Past President) said: 
Mr. Vaughan 's paper is so highly valuable, 
and deals with a subject of such great im- 
portance, that it is to be deplored that our 
Council did not decide to hold a special 
meeting at which it could have been pre- 
sented and discussed. 

At the present time it is of especial im- 
portance to lengthen the service of ropes, 
in deep level shafts, if it is possible to do so 
with safety; it is, therefore, especially to 
be regretted that so little progress has been 
made during the past two months in deter- 
mining whether the engineering profession 
as a whole is satisfied that the proposals 
made by the author are sound. It is hardly 
to be expected that the Mines and Workd. 
Regulations will be changed in the direc- 
tion of lowering the minimum permitted 
factor of safety of ropes unless users show 
that they are convinced that the reduction 
is compatible with the safety of persons and 
property. The fact that the discussion of 
the subject has been originated by the Chief 
Inspector of Machinery is an extraordinary 
indication of the sympathetic consideratioir 
extended by the Mines Department to the 
difficulties experienced by the mining com- 
munity. Probably this is an almo.^t imique 
example of its kind in mining history. 

One could, of course, consider that the- 
small amount of discussion of the paper 
hitherto contributed is an indication that 
ropes are so easily and cheaply procured by 
the mines that the reduction of the mini- 
mum factor of safety from 6 to 4*5 is a 
matter of little moment, were it not for 
the absolute knowledge that such is not the 
case. Far from it being a fact, it is almost 
certain that before the termination of the 
War it will be so difficult to procure ropes 
for deep level mines that it may even be- 
come necessary to run with a minimum 
factor of safety of below 4*5 if certain hoistff 
are to be used for the transport of persons. 
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I desire to support the author of the 
paper in certain directions, particularly with 
regard to his equations for the percentage 
that the ultimate strength of the wire as 
laid up in the ropes bears to the original 
value of the wire before laying up, and the 
weight of rope per foot of lengtn. 

It is, of course, impossible to arrive at 
liny empirical formulae which will give abso- 
lutely accurate results for all sets of con- 
ditions. A rope of 6/6/1 construction must, 
of necessity, differ from one of the same 
diameter, but of, say, 6/18/12/6/1 con- 
struction in regard to sectional wire area 
and weight, therefore the very useful for- 
mula, 

Wire sectional area = '4 D^ 

can only approximate to accuracy (though 
the approximation is a very close one) in 
the two cases. As there are very numerous 
classes of construction of ropes, and each 
class would need a separate constant for 
each rope diameter, if absolute accuracy 
was desired, it becomes impossible to write 
a formula which gives anything but a very 
i'lose approximation. This is given by the 
constant mentioned above. 

The deduction of 10 per cent, from the 
original strength of the wire to compensate 
for the reduction in value, due to laying it 
up into the rope, is also sound. In No. 9, 
Vol. Ill of the Proceedings of the Trans- 
vaal Institute of Mechanical Engineers, 
page 246, Mr. J. A. Vaughan and Mr. 
Martin Epton gave the results of forty 
typical tests on new wnre ropes. The test 
strengths of the various ropes were from 
1*9 per cent, to 17*6 per cent, below the 
aggregate strength of the wires in the indi- 
vidual ropes. In thirteen instances out of 
forty the percentage difference was above 
11 per cent. ; in eighteen instances below 
9 per cent. ; nine were between 9 per cent, 
and 11 per cent, difference; six were below 
5 per cent, difference. I understand, 
though I am open to correction on this 
point, that fifteen years' experience in the 
te.sting of ropes in the Mines Department 
Mechanical Laboratory has convinced the 
Department that the 10 per cent, reduction 
used by the author is a satisfactory figure 
to take, being amply high to cover all but 
a few exceptional ropes (and these latter 
would be of poor quality in any case), yet 
as low as it is safe to take, even though 
there are numbers of instances where the 
aggregate wire strength has only to be re- 



duced by 4 or 5 per cent, to arrive at the 
rope strength. 

In this connection it is perhaps well to 
point out that a test carried out on a 3ft. 
or 6ft, sample of rope does not necessarily 
give the exact conditions throughout the 
whole length of the rope, even when it is 
new — much less when worn. I have seen 
in the Mines Department Laboratory a 
number of samples of new wire cut in suc- 
cession from the same coil and tested both 
for tension and in the fatigue testing 
machine; no two samples gave exactly the 
same results. This being so with wire from 
the same coil, it becomes an impossibility 
for the 42 to 100 or 200 wires in a 5,000 ft. 
rope to be more than approximately of the 
same value. When the wires are laid up 
into the strands they are not laid up with 
exactly the same tension on all the wires, 
therefore some wires take more than their 
exact proportion of the load on the strand ; 
the strands also are not laid up w^ith exactly 
the same tension on each of them, therefore 
each strand does not take its exact propor- 
tion of the load on the rope. That these 
statements are correct is proved by the fact 
that, when a sample of new rope is tested 
to destruction, firet of all one or more over- 
loaded wires break, then one or more over- 
loaded strands. I believe that it is very 
imusual for more than three strands to 
break at the same time, and more than four 
breaking at once is unknown, whereas it is 
a very common occurrence for a single 
strand to break with an appreciably lower 
load on the rope than is required to rupture 
a further two or three strands, in spite of 
the fact that when one strand breaks the 
remaining five have at once to carry over 
20 per cent, increase of stress. It is obvious 
that if all the wires were of exactly the same 
value, and there were no differences in 
tension on the wires (or strands) when laid 
up, the whole of the wires in the rope would 
break at the same moment. The 10 per 
cent, allowance covers these various factors. 

Mr. Price states (pages 105-6 of the 
November, 1917, Journal) that he thinks 
Mr, Vaughan's assumed values for breaking 
strengths, etc., are '* rather high." For 
the past fifteen years I have taken the gross 
wire area of a rope to equal '4 D*, the net 
strength of the laid-up wires to be 90 per 
cent, of the wire strength, and the weight 
in lbs. per foot to equal 1*6 diameter in 
inches squared for alternatively 4 lbs. per 
foot per square inch of wire area). I am 
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sure that 1*6 is a better constant to take 
than Mr. Price's 1*64. For the paet five or 
six years I have always reckoned the full 
area of wire as being useful. I think that 
the practice of deducting the core wire from 
each strand is out of date, owing to the 
almost universal use of hard core-wires, any 
slightly lower value for this wire being 
covered by the 10 per cent, allowance. 
Therefore my standard formula becomes : 

Breaking strength =4 I)* x '9 gross wire 

value, 
= '36 D'^ X gross wire 
value, 

or '36 I)% as against the "34 D* advocated 
by Mr. Price. Undoubtedly Mr. Price 
could find a few ropes the tests of which 
agreed exactly with his constant of '34. 1 
know I should find it impossible to prove 
that '36 is exactly con-ect in all cases. It 
is, however, unfortunate for Mr. Price that, 
whilst he says the 90 per cent, is too high, 
the cases of the only two ropes he instances 
show that it is too low. On page 108 of 
the Journal Mr. Price gives details of two 
ropes, one If inch, the other IJ inch dia- 
meter. Using the formula B.S. = -36 D'' x 
gross wire value, the breaking loads become, 
for IJ inch diameter, 95*96 tons, as against 
the actual breaking load of 97 tons, and, for 
the 1^ inch diameter rope 65*15, as against 
65*3 tons. Substituting ^Ir. Price's con- 
stant of '34, the loads would be 90*63 and 
61*53 tons respectively, thus proving that 
the 34 constant is considerably (about 7 
per cent.) too low for these two ropes. The 
fact that the diameters of ropes, as speci- 
fied by makers, is only a ** nominal " on?, 
makes it impossible to more than approxi- 
mate to the rope value when considering 
any problem in which there is not an actu- 
ally new rope to take into account. The 
appended list, Table I, is abstracted from 
the catalogue of a prominent rope maker. 

When a 1^ inch nominal diameter rope 
can measure from 1*114 inch to 1*153 inch 
it becomes necessary to take aciual instead 
of Usied diameter into account. 

Table II is of especial interest in this 
connection, as it indicates that, when the 
weight per foot differs to any material ex- 
tent from 1*6 D*, it is because of the fact 
that the actual diameter differs consider- 
ably from the nominal, and not because of 
any marked incorrectness in the formula 
constant. 

At first sight it would appear that the 



formula for breaking loads (*86 D* x gross 
wire strength) gives too great a load. By 
comparing the columns it will be seen that 
the ** actual " breaking loads, as given in 
the catalogue (which is that of a renowned 
British rope -maker), are consistently about 
5 per cent, below the calculated ones given 
in the adjoining column. The explanation 
is that these particular manufacturers, at 
the time their catalogue was issued, invari- 
ably used soft core wires in their rope 
strands; indeed, they — and other makers — 
still do so to a great extent for home use. 
The following extract from abetter written 
in 1914 to a Johannesburg correspondent 
explains the matter fully: — 

" Unless specially ordered, we have 
alwa}TS used mild steel for our core 
wires, as we have held the view that 
in some respects it is better for the 
rope. At the same time, if core wires 
of the same quality as the other wires 
of the rope are used, it will undoubt- 
edly increase the breaking strain. You 
will understand that in a 6/7 rope the 
core wires (six in number) represent 
one-seventh of the metallic area of the 
rope, or over 14 per cent. If these 
core wires were made of hard steel the 
breaking strain of the rope would, of 
course, not be increased by 14 percent., 
but, certainly, it w^ould be by 5 per 
cent.- to 7J per cent.*' 

^Ir. Price's constant of 34 gives rope 
strengths between ^ and 1 per cent, below 
those given by this maker for '* soft core 
wire " ropes; whilst the constant of '36 
gives roughly 5 per cent, higher than thv-* 
maker's ** soft core wire " figures, and, 
therefore, not too high a breaking load for 
a " hard core wire " rope, which is the 
usual case, at any fate on the Rand. 
j It is seen that with the formula 1*6 D* 
\ the weights per foot length are practically 
uniform with those given by the makers. 
This constant is arrived at l)y multiplying 
the area of wire ('4 T') by 4 lbs. weight per 
square inch per foot length, as used by ^Ir. 
Vaughan r'thns giving 1*6 D' as weight per 
foot). 

The following formula for arriving at the 
required diameter of rope to raise a given 
load of skip and contents from a given 
depth may be useful to members: — 

D = Diameter in inches. 

Per stress = Tensile strength of wire in 
lbs. X 9 divided by factor of safety at 
upper end. 
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TABLE I. 



Nominal and Actual Diayneters of Ropes. 





• 




• 


• 


■ 


• 




m. 


m. 


m. 


m. 


m. 


m. 


Nominal diameter 


i 


i 


f 


t 


1 


i 


Actual diameter 


•447 


•517 


•596 


•636 


•656 


•875 


Nominal diameter 


s 


H 


U 


H 


n 


18 


Actual diameter 


•895 


1^114 


1133 


1-153 


1-352 


1-392 


Nominal diameter 


2 


2 


n 




— 





Actiuil diameter 


1^989 


2^030 


2148 


•^■* 


- 


~"~~ 



TABLE II. 

Nominal and Actual Diametem; Actual and Calculated Weights of Ropes per foot 
length; and Actual and Calculated Breaking Loads; the nominal and actual figures 
being taken from a prominent British rope-maker's catalogue, the calculated 
figures being arrived at from the formula given. 



Diameters. 



Nominal. 
Inches. 



i 
I 



i 
1 

n 
n 
li 



Actual. 
In'rhps. 



•477 

•517 

•596 

•636 

•656 

•755 

•875 

•895 

•994 

M14 

M33 

M53 

1233 

1-273 



Weights in lbs. per foot. 



Actual, 
lbs. 



•375 

•437 

•567 

•625 

•708 

•917 

1-250 

1-291 

1-583 

I' 86 

2^125 

2-166 

2-500 

2-667 



From weight 

=1-6 DK 

lbs. 



•364 

•428 

•568 

•647 

•689 

•912 

h225 

1-282 

1-581 

b986 

2-054 

2127 

2-432 

2-592 



n i 


1-352 


3-000 


2-925 


n 


1-392 


3167 


3-100 


ij 


1-511 


3667 


3-653 


n 


1-631 


4-250 


4-256 


n 


1-751 


4-910 


4-906 


n 


1^900 


5-833 


5-831 


2 


1-989 


6^333 


6-330 


2 


2-030 


6-580 


6^593 


2i 


2-148 


7-375 


7 366 

1 

1 



Breaking Loads with 120ton 
St«el Wire. 



Actual with soft 

core wire. 

Tons. 



9-37 

11-013 

14^64 

16^66 

17-73 

23^49 

31 ^45 

32-95 

40-68 

51 •OO 

52^83 

5475 

62-53 

66-67 

75-24 

79-74 

94-00 

109-33 

126 00 

150-00 

162-72 

169-32 

189-84 



By=-36D2xT.S 
with hard core 

wire. 

Tons. 



9-83 

11-54 

15-34 

17-47 

18-59 

24-62 

33-07 

34-60 

42-68 

53-61 

55-45 

57-43 

65-67 

70-00 

78-96 

83-70 

98-63 

114-91 

132-45 

15743 

170-90 

178-02 

198-89 
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Length = Length of rope in feet. 

D = ^ Loa<i o f rock and skip in lbs. 

(•4 per stress ibs.)-(l'6 length) 

If the rope is used on an incline both load 
and length must be multiplied by the size 
of the incline angle. 

I have used this formula for many years, 
and it gives absolutely accurate diameters. 

If Mr. Vaughans proposals are 
adopted it will be necessary to write fre^sh 
fonnulee lor finding the required diameter 
of rope for a given hauling problem. The 
following may ibe found convenient, and 
they have the advantage of giving exact 
diameters, and not approximate ones: — 

(1) To find the required ultimate 
strength of wire of which a rope hauling 
from a given vertical depth must be made 
in order that the selected factors of safety 

for the two ends mav be attstined — 

»/ 

X — Tjongth of rope in feet. 

y, = Factor of safety at lower end of rope. 

y2 = Factor of safety at upper end of 

rope, 
a = Supported load at lower end of rope, 
f =:Ult. strength in lbs. per square inch 

of wire used. 

4x 

Ult. strength of wire = yz ^-^ 

.9(L_L) 

For the given depths and factors of 
safety no other wire can he used. 

(2) To find ya, when using a given 
strength of wire and a given factor of 
safety (y,) at lower end, for a given depth 
vertical shaft : 



y-. 



1 
4x1^ 

.9-f+y, 



(3) To find Vi, when using a given 
strength of wire and a given factor of safety 
(yz^ at upper end, for a given depth ver- 
tical shaft. 



yi= 



1 



i_ 

v., 



4x 



•9f 



The diameters of ropes are of course found 
in the ordinary way. 

Say, for instance, a wire of 240,000 lbs. 
strength is to be used and the factor of 
safety at the lower end of a 4,000 feet shaft 
is to be 10, the lifted load of skip and rock 
being 20,000 lbs. 



Factor of safety at top = y2 = 

1 1 



4x 1_ 4x4,000 



•9f • y^ -9x240,000 ' 10 
y.j= about 5*7 
Diameter of rope = 

^Load at~bottoiiix yi ^ ^"20^0 X 10 ' 
•36f. ~ -36x240,006 

=- x/2T31 = 1.52'' diameter. 

I am inclined to think that the modi- 
fication of Mr. Vaughan's formula sug- 
gested by Mr. Price for use with worn 
ropes will not appeal to practical men. The 
examination of ropes and estimation of 
their deterioration is probably the most 
important duty of a resident engineer. Once 
the engineer relies upon a formula for worn 
ropes he is courting disaster. His proper 
method of w^ork is to take all details as to 
original strength from the test certificates 
and to rely upon his ow^n investigations and 
measurements to arrive at the amount of 
that original strength which has been lost 
during the life of the rope. It may seem a 
small difference in procedure to work from 
the new rope downwards, instead of making 
fresh calculations from base factors on each 
examination, but it is the sound, common- 
sense method. One must not forget that 
with a factor of safety of 4*5 as the mini- 
mum there is not so much room for errors 
of judgment without undue risk of incur- 
ring accidents as when the factor of safety 
is 6 as a minimum. In my opinion, 
nothing should be done to minimise the 
resident engineer's sense of responsibility 
with regard to ropes, and Mr. Price's sug- 
gestions seem to aim at " making things 
easy," which is to be deplored. 

THE FACTOR OF SAFETY OF WIRE 
ROPES USED FOR WINDING IN 
MINE SHAFTS. 



Papkr by J. A. V.U'GiUN (Past President). 



Discussion. 

E. G. IzoD (Vice-President) contributed 
the following discussion to this paper: — 

The writer feels that probably the author 
of the paper has been somewhat disap- 
pointed at the discussion which has taken 
place on his paper, but probably other 
members of the Institution have found the 
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same diflfculty as the writer in criticising 
what is really a classic on the subject of 
wire ropes. 

The discussion, so far, has rather centred 
round the figures the author puts forward 
in his paper, but the writer does not pro- 
pose to deal so much with those points as 
with the question of the general principle 
which has been so ably put forward. 

The author's proposition is to so amend 
the regulations that the minimum safety 
factor IS now reduced from 6 to 4-5, with 
the added proviso that in no case shall the 
breaking load at any point therein become 
reduced to less than eight times the load 
carried at the lower end of the rope. 

We have, therefore, two points to dis- 
cuss : — 

(1) The first, and, in the writer's opinion, 
the more important, namely, the 4.5 
factor of safety, and 

(2j that which the author calls the capa- 
city factor or *' yi," which it is 
recommended should not be less 
than 8. 

This capacity factor, or y, = 8, is intro- 
duced very skilfully to guard agauist the 
assumed detrimental effects of kinetic 
shocks. If, therefore, engineers are pre- 
pared to accept the author's finding on this 
subject of kinetic stresses on a rope, as set 
out in the paper before the S.A. Association 
of Engineers in March, 1904, then obviously 
that part of the proposed regulation making 
yi = 8 can be taken as satisfactory. 

The writer has no knowledge whether it 
has been possible to prove by experiment 
the author's finding on critical depth, 
but as has been already stated, unless 
we are prepared to bring evidence to repudi- 
ate the finding of tlie formula for determin- 
ing the critical depth or critical zone in 
which hoisting rope should work, then it 
seem.> only reasonable that the yi = 8 find- 
ing should be accepted without further 
demur. 

One or two of the speakers have felt that 
if this portion of the regulation is adopted, 
it will create ratlier a hardship on some of 
the mines with shallow shafts, but in the 
writer's opinion the hardship is not nearly 
so great as at first appears. 

On investigating the conditions governing 
the installation and taking off of ropes at 



some of the shallower shafts (for the sole 
purpose of giving an opinion on the yi = 8 
system), it will be found that in few cases 
are ropes thrown out because a test has 
been made showing that the factor of 
safety is reduced below the present figure 
of 6 in the existing Mining Begulations. One 
case can be cited, namely, that of Modder- 
fontein B. When y, =8 was applied it 
seemed that the factor of safety suggested 
in the paper would create a hardship, but 
here a rope has run for four years and tihree 
months and was rejected with a factor of 
safety of y2 = ll*l, yi in this case is far 
above the eight suggested for the new regu- 
lation, and if the writer had based his criti- 
cism of the capacity factor solely on calcu- 
lation, it would have been of little value as 
compared with a criticism based on what 
is found to be satisfactory mine practice. 

The writer has been able to make a fur- 
ther investigation into some of the shallower 
shafts, where at first sight it appeared that 
the y,=8 factor would represent a hardship, 
and the accompanying table gives results 
of the investigation: — 

Table. 









Percentage 






Percentage 


Reduction 






Reduction 


that can be 




Depth 


that can be 


made on New 


Mine 


of 


made on New 


Rope to 


Shaft. 




Rope to 


bring down 






bring down 


to ya— 6 






to Vi— 8. 


(ETOsting 




Feet. 




factor). 


A 


1,020 


; 2200/^ 


29-0% 


B 


1,400 


! 31-0% 


31-0% 


C 


1,600 


' 18-00/;, 


18-0% 


D 


900 


33-0% 


40-0% 


V. 


1,085 


24-0% 


300% 


F 


1,348 


30-0% 


30-0% 


6 


1.348 


20-00^, 


27-0% 



Here seven mine shafts were taken, and 
each was looked at from the following point 
of view: — 
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Assume a new rope is put on. Which will 
cause its rejection first? The new proposed 
regulation of y, = 8 or the existing regulation 
of y2 = 6. It will be seen from the attaohed 
table in three cases there is practically no 
diflEerence in the percentage reduction from 
the original strength given by the new regu- 
lation and the existing regulation. In the 
other four cases the difference is hardly 
worth discussion. 

The writer is therefore prepared to sup- 
port the author's proposition to amend that 
portion of the regulation covering the mini- 
mum factor of safety of eight, which, of 
course, takes no account of the weight of 
the rope. 

The other portion of the recommendation 
is where it is suggested to reduce the safety 
factor (taking into account the weight of the 
rope and the load at the lower end of the 
rope), from 6 to 4.5. This is undoubtedly 
a step in the right direction, and will afford 
a great relief to some of our new deep level 
raining propositions. 

The writer has several deep level propo- 
sitions under consideration, and has had 
the privilege of discussing the question of 
deep level ropes with the author. 

The reduction to the minimum of 4.5 as 
against 6 for a shaft 6,000 feet deep is a 
very material one, and while perhaps on 
some of the new deep shafts this factor 
might be even further reduced, yet the 
writer feels that all engineers will thank the 
author for having investigated the matter 
so far as to have suggested giving the sub- 
stantial reduction now under discussion. 

The writer is, however, still dissatisfied 
on this question of the safety factor of wire 
ropes used for winding for the following 
reasons. The position to-day is that under 
either the old regulation or the new regula- 
tion we take a formula or a calculation and 
settle the size of rope to be used by multi- 
plying the total load by a figure based on 
a recommendation such as the author's, or 
a higher figure, if necessary, based on ex- 
perience witJli the behaviour of ropes in a 
certain shaft and under certain conditions. 

We sit down feeling quite satisfied that 
we have done the right thing, then at some 
period in the life of the rope there is pos- 
sibly a jamb in the shaft or there is loose 
rope which suddenly tightens with a shock 
or many other conditions arising in the 
working life of a rope where, in the writer's 
opinion, all the calculations determined from 



the ultimate tensile strength of the rope are 
blown to bits. 

The writer would therefore ask whether, 
in the author's opinion, there is not another 
test which will give us a further guide as to 
the best size and quality of steel or rope to 
be used. 

The writer does not suggest that the ten- 
sile test of a rope on which deductions are 
based to-day is not satisfactory, but it is 
put forward as a definite opinion that an- 
other test is necessary if we are to obtain 
the best results from our winding ropes at 
a minimum of cost. 

Consider for a minute the usual procedure 
in testing steel used for winding ropes or 
any other purpose. A test is made and a 
load determined at which the steel breaks 
down or ruptures, long aft^r it has passed 
its elastic limit and is in a zone where its 
whole structure is destroyed and is of no 
further use. That t:iie ultimate tensile 
strength is considered only a general guide 
in the selection of a rope is proved by the 
fact that a factor of safety of 6, 8, 10, or 
above this is used for other structural mate- 
rial apart from wire ropes; this factor has 
truly been described as a factor of ignorance, 
and it does appear to the writer that 
investigations might lead to other tests 
being adopted, which would assist very con- 
sideraBly in selecting a rope even more suit- 
able than that selected solely on the ulti- 
I mate strength as given by the testing 
I machine. 

It will perhaps be within the memory of 
the members of the Institution that when 
the British Engineering Standards Commit- 
tee was considering the question of tests, 
they w^ere approached by several engineers 
in England to have the elastic limit defined 
in the tests, so that the factor of safety 
could be bas^d on the elastic limit and not 
on the ultimate tensile strength.. The writer 
was one of those who gave opinion on the 
matter, and paid his tribute to what was, 
in his opinion, a wise move. Many other 
engineers of far wider experience than the 
writer also supported the proposal, but it 
was not adopted, and amongst the reasons 
given by the " Sectional Committee on Sec- 
tions and Tests for materials used in the 
construction of ships and machinery '* was 
one, that if the Standardisation Committee 
recommended the inclusion of the elastic 
limit in tests in order to use this figure for 
calculating the working stress, such pro- 
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cedure would dislocate the ordinary com- 
mercial testing carried out in the works test 
rooms. 

As far as the writer is aware, there was 
not a single criticism against the advisabil- 
ity of the principle of basing working loads 
^on a factor applied to the elastic limit, and 
the writer therefore contends that what 
might have been a real progress in testing 
and selection of materials was negatived 
principally oh the poor argument that the 
new procedure would dislocate test room 
work. 

The whole question is a very important 
one, but very few engineers, even though 
they admit the fact that other tests as wen 
as the tensile tests should be used, are still 
unwilling to depart from old practice, and 
they continue their selection of materials 
for size and quality on tlie old system of 
testing. 

The writer has one particular case in 
mind. About thirteen years ago there was 
a bad accident due to the bursting of a gun 
barrel under test. All the usual commercial 
tests were made on the material, and no- 
thing whatever could he determined from 
such tests as to the reason why the gun 
barrel should have failed. At that time 
the writer was advocating the use of the 
Notched Bar Impact Test, and was asked 
to make tests on the broken gun barrel 
material and on the matierial of another 
gun ban*el which had stood the proof tests 
with entire satisfaction. The material from 
the two barrels was subjected first to a com- 
plete tensile t^est, where the stretch modu- 
lus, the ultimate tensile, the elongation and 
contraction were determined with great ac- 
curacy. The two gun barrels gave exactly 
the same result, of course always within the 
limits of accuracy of the testinc: machine. 

Two pieces were then cut from each gun 
barrel and submitted to the Notched Bar 
Impact Test. The test pieces from the 
gun barrel which had stood the proof test 
took 21 foot pounds to break them. The 
test pieces from the other barrel which had 
burst took 1.3 foot pounds to break them, 
i.e., the material of the good barrel was able 
to withstand 16 times the impact stress of 
the material from the gun barrels which had 
failed. No other tests except the impact 
tests were able to determine the extraordi- 
nary difference, in the material, and the 
writer simply puts this case fom^ard as one 



I small example of where, in his opinion, the 
tensile test fails. 

On the Band, engineers can congratulate 
themselves that the accidents due to broken 
winding ropes have been very few and far 
between, and it is quite possible that the 
adoption of the high factor of safety of 6 
has been one of the reasons for the good 
behaviour of winding ropes. 

The writer contends, however, that en- 
gineers should not be content to sit down 
and say thot they are sntisfied, and he feels 
that he is quite within reason in saying that 
if another test by impact, or fatigue, or 
some such test as has been used by the 
aut'hor could be introduced, just as good 
results might have been obtained on Band 
winding ropes with a factor of safety down 
to, say, even 4 or 3 J. 

There is evidence that in the munition 
factories in England to-day, tests such as 
the impact test are being made in conjunc- 
tion with other tests, in order to determine 
the most satisfactory class of material to 
be used, and in the writer's opinion this 
principle of using other tests beside the ten- 
sile test will grow very considerably in the 
future, and he would like the author in his 
reply to be good enough to give the Institu- 
tion the benefit of his experience in testing 
wire ropes, as, if we are to progress on the 
lines suggested so clearly by the author, 
then there seems no reason why we should 
stop at the new proposed regulation, and 
if the author can throw more light on this 
subject then I am sure it will be welcomed 
by the members in t^e same way as it would 
be welcomed by the writer. 

This little personal quarrel about the 
ultimate tensile test may perhaps be said to 
have led a little from the point under dis- 
cussion in the author's paper, but the writer 
feels so strongly the importance of the sub- 
ject that he makes no apology for interweav- 
ing the question with the proposals made in 
the paper. 

The wTiter will throw out one further sug- 
gestion for the author's consideration, 
namely, that there may in the future be 
special cases of deep shafts where the con- 
ditions are such that the minimum safety 
factor proposed of 4.5 can be still further 
reduced, and if the Government Mining 
i Department could treat some of these cases 
• as special ones and consider each on its 
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merits, further relief would be given than 
under the present proposals. 

The minimum factor of 4.5 seems such 
a hard and fast figure to apply when it is 
known that the conditions of winding, such 
as speed, condition of shaft, etc., vary so 
considerably, and it seems to the writer that 
these conditions might be taken account of 
in determining the margin of strength to be 
used in a winding rope, and if the author of 
the paper would take this point into consid- 
eration, all engineers will, it is felt, be more 
than grateful. 

In concluding the few remarks, the 
writer would like to add his testimony to 
that of other members in thanking Mr. 
Vaughan for such an excellent contribution, 
and whichever way the author's paper is 
looked at, and whatever the criticisms may 
be, there is no doubt that, as before, the 
Rand can *' report progress." 

E. J. Laschinger (Past President) said 
he ihad spent some time in reading Mr. 
Yaughan*8 paper, but the ideas he had 
evolved in his own mind up to the present 
were not quite definite, and before he made 
any further contribution to the discussion 
he would like to ask Mr. Vaughan a few 
questions, so that he could embody the re- 
sults of his experience w^th regard to the 
testing of wire ropes in his opnclusions. 
The first question he would like to ask Mr. 
Vaughan was as to what was the amount 
of wear, as actually determined by the loss 
of weight in a certain length of rope, be- 
tween the time that a new rope was put 
into use and the time it was discarded. An 
average figure on that point would be in- 
structive. The next question was with 
regard to an average figure dealing with 
the diminution of the tensile strength. 
What did Mr. Vaughan think was a fair 
average figure to assume for diminution in 
the tensile strength of the rope from the 
time that it was first put on as new and the 
time when it was discarded as unfit? The 
third question was with regard to the deteri- 
oration in the quality of the rope, not as 
affecting the tensile strength, but as affect- 
ing its flexibility or brittleness — that is, its 
ability to withstand the shocks and kinetic 
stresses or the effect of flexure round the 
pulleys. 

He quite agreed with Mr. Izod that ten- 
sile strength was not the only factor, al- 
though it might be an important factor. 



Various materials giving practically the 
same tensile strength very greatly depended, 
in their suitability for withstanding rupture 
when it came to shocks, upon the fa^itor 
which might be known as the factor of 
brittleness or flexibility, or some other name 
of that kind. He would be very grateful 
if he could get some rough idea from Mr. 
Vaughan upon these few questions before 
he contributed further to the discussion on 
this most valuable paper which had been 
presented by Mr. Vaughan to this Institu- 
tion. 

J. A. Vaughan (Past President) said he 
was not prepared that night to answer all 
the very leading questions put to him by 
Mr. Laschinger. He could say, however, 
that all the information, as it existed in the 
tabulations at the Laboratory', was at his 
service. A great deal of information had 
already been given to the Institution. For 
instance, the question as to whether n, 
winding rope had lost the strength which 
one would assume it had lost by the maxi- 
mum reduction at certain points in the 
strength of its wires as separately tested, 
had already been considered and tables had 
been given by Mr. Epton {Journal, Transl. 
Inat. Mech. Eng., Vol. V., No. 11, p. 244) 
showing that, although in some instances 
there was some mutual support between the 
separate wires of the rope, it was always 
better to conclude that the rope was not 
stronger than the aggregate of its wires. 

With regard to the subject of brittleness 
and the second of Mr. Laschinger's ques- 
tions, he thought the best thing the latter 
could do was to go to the Laboratory and 
search into the records that they had there ; 
this would be much more satisfactory both 
for Mr. Laschinger and himself. 

E. J. Laschinger said that all he wanted 
was a general idea. For him to go through 
the thousands of tests that had been con- 
ducted by the Government Mining En- 
gineer's Department was impossible. Mr. 
Vaughan based his conclusions upon a 
general factor of tensile for strength, and 
therefore all he (the speaker) wanted was 
to gef information as to the general influ- 
ence of those factors upon the strength of 
a winding rope, a general reply to the ques- 
tion as to the amount to be deducted from 
the legitimate wear of outside or inside wires 
as a factor. Then there was a general 
facttor for the reduction of tensile strength 
between new ropes and discarded ropes. 
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The other item was with regard to the abil- 
ity of new rope, and as to the behaviour of 
old rope after the flexure test, for which, he 
understood, there was a machine. Mr. 
Vaughan proposed new regulations based 
upon a general average. 

J. A. Vaughan said that so far as tensile 
strength was concerned, judging from the 
outside wear merely, if the wires of a rope 
had worn one -third, generally, its weight 
would be reduced by a much smaller frac- 
tion. At the same time if the rope had 
corroded externally and internally the loss 
of weight might be even greater than the 
loss of tensile strength, and, as far as duc- 
tility was concerned, the wires might not be 
worth anything. Mr. Laschinger, as a 
practical engineer, knew just the positions 
in the rope where these maximum efforts 
generally occurred, and would not suggest 
that these points of maximum wear and de- 
terioration as to brittleness would be at the 
upper end; they were met with near the 
lower end of a rope, except in the case of 
the rope in a compound shaft after being 
changed end for end. They had at the 
Laboratory tabulations which were at Mr. 
Laschinger 's service, also the percentages 
between weights of old and new ropes; but 
he was not prepared that night to answer 
those questions any further than he had 
done at present unless Mr. Laschinger asked 
them more explicitly. 

W. Martin Epton (Past President) said 
he was particularly interested in some of 
the remarks Mr. Tzod had made that night ; 
it might be of interest to members .to hear 
of other kinds of testing than the ordinary 
tensile test. There was at present a 
machine in the Mines Department Labor- 
atory known as the Vaughan-Epion testinc 
machine, designed for the particular purpose 
under consideration. This machine was 
the outcome of attempts to decide by the 
ordinary test methods the relative merits of 
different priced wires available for rope 
manufacture. There was a wide difference 
m pnce, one wire being as much as double 
the price of another of the same size. 

.The old test methods referred to were 
those involving successive bendings over a 
fixed radius, the torsion and the tension 
tests. These tests were also in some cases 
super-Imposed, but no differentiation re- 
sulted. The stress strain diagrams in the 
tension test, microscopic examination of 
fractures, and the standard chemical test all 



failed to show the superiority of the more 
j expensive wires, yet the latter were known 
by rope manufacturers to give better results 
in practice. The idea then occurred to 
apply the ordinary tests simultaneously, 
and the Vaughan-Epton machine was tnw 
result., A regulated tension can be applied 
of any amount, and this load remains the 
same in spite of all stretch in the wire. The 
leciprocatiou of the table carrying the 
sheaves at the same time applies the alter- 
nating bending stresses to the wire under 
test. A diagram is taken combining strain 
(i.e., stretch) with the number of reversals, 
and may be used with certainty to identify 
the grade of wire. This has been proved 
by experiments stretching over several 
years. 

It would be evident from the accompany- 
ing photograph of tihe machine in question 
how the test was applied. The autographic 
recorder was not, however, included in the 
photo. 

J. A. Vaughan said that this particular 
machine was of no use in dealing with the 
separate wires of a worn rope; it would 
simply tell what one was buying or what 
one proposed to buy in the case of a new 
rope. As a rule, too, one could not judge 
much from the tests made of worn wires 
bent across the ordinary quarter-inch dia- 
meter radius. From the fatigue test re- 
sults of an unworn wire they could tell what 
it was likely to do and how it would stand 
against adverse conditions in working. 

E. J. Laschinger said that from Mr. 
Vaughan 's remarks it seemed to him that 
Mr. Vaughan was basing his proposed new 
regulation upon the fact that the results of 
the testing machine did not give a true indi- 
cation of what the value of the rope was. 
He thought that that condition of affairs 
might be rectified. Wires might be tested 
by simply grinding off the abraded surface 
so as to make the surface parallel, and then 
test the wire so as to see what the quality 
of the material was. They wanted to test 
the quality of the material. The amount 
of deterioration tlhat had taken place in a 
wire was not indicated by the tensile testing 
machine, because they knew very well that 
wire which was very resilient and which was 
able to take up the shocks was the kind 
of wire they expected tio buy when they got 
a new wire rope ; but when the old rope 
was worked dead they knew that the resili- 
encv of the wire had decreased very materi- 
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ally. He thought that in the accidents 
which happened to-day — and there were not 
many — the chief cause of the trouble had 
been that the rope had deteriorated to such 
an extent that it had not been able to with- 
stand kinetic shocks. He did not see why 
the same machine which was invented and 
devised by Mr. Vaughan and Mr. Epton 
should not be able to give them an indica- 
tion of the amount of deterioration in the 
wire between the time when the rope was 
first put on and at any time it was tested 
afterwards when it was discarded. The 
state of deterioration of a wire between the 
time it was tested new and when it was 
tested old was the important point. 

J. A. Vaughan said he could answer this 
point straight away. The wires that gave 
them the great<?st worry were the wires at 
the lower end of the rope, which had been 
compelled to accelerate and retard the pul- 
leys of the bend or any diverting pulley. If 
they adopted Mr. Laschinger's suggestion 
and ground off the face of them they would 
have a very gocd wire. This was very 
well known, and he thought it had been 
stated publicly many times that, owing to 
the rough use those wires had been sub- 
jected to, they had been case-hardened on 
the surface, and if they examined thorn 
under tlie microscope they could see the 
minute cracks that had developed. On 
several occasions they had tested wires of, 
say, '1 inch diameter, only about one-third 
worn, and they could break them in their 
fingers as they would a match. If they 
ground off the top of the surface they got 
a wire with what' might be described as hav- 
ing the resilience still in it; it was still goo<J. 

E. G. IzoD said he would like to make cne 
point in his discussion quite clear. His 
suggestion to make other tests besides the 
tensile t^st was meant to be applied to ropes 
before they were put into use. 

J. A. Vaughan said that a fatigue testing 
machine was quite a good idea. The dia- 
gram from the fatigue testing macliine iden- 
tified the wire just as the finger prints iden- 
tified the criminal. 

Percy Cazalet (Member) said he wished 
to add his meed of thanks to Mr. Vaughan 
not only for the enormous amount of trouble 
and work entailed in the compilation of his 
paper, but also for the fact that it proved 
that the mining industry had a public ser- 
vant with the moral courage of his convic- 
tions to come forward and tell members 



that mining regulations could be modified. 
They were extremely fortunate in the min- 
ing industry in having men, to mention only 
two, like Mr. Kotze and Mr. Vaughan in 
superior positions under Government. If 
they had not such men as these they could 
conceive of cases of, say, very deep mines 
being unduly handicapped or prevented 
from working at all, merely through the 
rigidity of certain of the regulations. 

T. M. Smith (Member) thought the Go- 
vernment might be induced to spend money 
on a machine sufficiently large to test the 
rope instead of the wire. 

J. A. Vaughan said that before the War 
started, the Institution of Mechanical Engi- 
neers in London had formed a committee 
with which he was in correspondence, and 
they, he believed, piopcsed to do actually 
the same thing that the last speaker pro- 
posed. If they could only get the War 
finished this might get it done. 

J. W\ KiRKLAND (Member) asked whether 
it was not a fact that almost all breaks that 
had occurred in winding ropes had occurred 
very near the skip, and whether it was not 
possible that the fact that they had had so 
lew disasters in winding ropes had not been 
due to ropes being cut off for testing and so 
shortened from time to time. Accidents 
had been avoided because ropes had been 
tested near the load they were lifting. 

T, M. Smith said that, in incline shafts 
more notably, the smallest diameter of rope 
was usually at a point 100 to 200 feet from 
the skip, and, generally speaking, this part 
could only be tested after the rope was dis- 
carded, which he believed was sometimes 
done and useful data procured in conse- 
quence. 

J. A. Vaughan said that if the regulation 
regarding re-capping and testing did not 
exist there they would not be able to find 
the flaw. On about half-a-dozen occasions 
in a year they had been able in the labor- 
atory to point out to an engineer matters 
w'hich even the rigger had not been able to 
see. They had very good riggers, but he 
fancied that sometimes deterioration was 
not actually in evidence. There was some 
inherent defect in the rope, which became 
evident in testing. He thoroughly agreed 
with Mr. Kirkland when he said that the 
great point was to keep shifting the posi- 
tions of greatest wear, and, with that pur- 
pose in view, to provide as much spare rope 
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on the inner end as one could. The danger 
of turning a rope end to end on a compound 
shaft was the chief danger they had on 
these mining fields. 

THE FACTOR OF SAFETY OF WIRE 
ROPES USED FOR WINDING IN 
MINE SHAFTS. 



Paper by J. A. Vaughan (Past President). 

Continued Discussion, 

J. R. CowELL (Member) contributed the 
following to the discussion on this paper, 
and exhibited photographs and specimens 
in connecinon therewith : — 

With reference to the discussion on Mr. 
Vaughan 's excellent paper on wire ropes, 
there is one factor which has to be specially 
considered in connection with the deter- 
mination of safe working limits, and that 
is the difference in the construction of and 
quality of material in ropes used for vertical 
hoisting and those used on incline or com- 
pound shafts. 

For vertical hoisting the quality of the 
wire should be of the very best as regards 
torsion and ductilitv tests. The writer, 
however, questions very much if the same 
can be said to apply to ropes used for in- 
cline or compound shafts. For these latter 
ropes fatigue, impact, chemical or torsion 
tests do not necessarily show the suitability 
of wires for such ropes, although they are 
essential for ropes for vertical shafts. In 
the writer's experience it has been repeat- 
edly shown that the highest grade of steel, 
when put into ropes used in incline and 
compound shafts, has. proved an absolute 
failure, whilst much lower and cheaper 
grades of wire of equal ultimate breaking 
stress have been quite successful. A 
standard specification of wires for ropes for 
all purposes would be therefore worse than 
useless. 

In support of the writer's contentions I 
submit herewith some interesting remarks 
in connection with some ropes supplied by 
the firm with which I am connected, and 
which also confirm some of the remarks 
made by Mr. Vaughan at the last meeting 
in reply to Mr. Laschinger. 

Some two years ago we sent Home 
samples cut off two worn ropes which had 
been supplied to us by Messrs. Wilkins* 
Wire Rope Co., Ltd., for investigation by 



that firm, witli the idea of trying to obtain 
the most suitable material. 

The material of which the ropes were 
made was of the best Swedish charcoal 
material. They were about 145 in. dia- 
meter, and constructed respectively of six 
strands of 16 wires each and six strands of 
17 wires each. These ropes had been taken 
off an incline shaft on account of broken 
wires, but it had been expected that the 
ropes would have eventually been taken off 
from reduction of area rather than from 
broken wires, owing to the high grade of 
material employed. 

After the ropes had been sent Home to 
the manufacturers for examination, they 
were sent on by them to Mr. J. E. Stead, 
the eminent metallurgist, for investigation, 
and he reported as follows: — 

In conformity with your instructions, 
I have most carefully examined the two 
pieces of wire rope, 4 ft. 2 in. in length, re- 
ceived from you. 

The respective ropes were labelled : 

A. 200 feet from skip end. 

B. 340 feet from skip end. 

De script ion and Particulars. 

A. Contains six strands with hemp core. 
Each strand consisted of: 

10 outer wires 2*82 m.m. in diameter. 
6 inner wires, 22 m.m. in diameter. 
1 soft core wire. 

The lubrication internally was good. 
There were only slight traces of rust. 

There were 13 broken wires, four of 
which fell away when opening out the 
strands. 

The crown wires were fairly evenly worn. 

Distance between worn crowns in outer 
wires from each other, 6*7 inches. 

All the crowns of the outer wires were too 
hard to scratch with a hard steel point, but 
after grinding off one-hundredth of an inch 
the metal below could be easily scratched. 

On slight bending the crown wires 
cracked and fracture passed through the 
wires. 

B. Rope contained six strands with 
hemp core. Each strand consisted of: 

9 outer wires, 3*03 m.m. diameter. 
6 inner wires, 2'00 m.m. diameter. 
1 soft wire core. 
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The lubrication waa goocl, and there was 
no eign of rusting. 

There were 13 broken wires, three of 
which fell away on opening out the gtrande. 

Distance between the worn crowns in 
outer wires from each other, 6"6 inches. 

All the crowns of the worn wires were 
exceedingly hard, and could not be 
ncratched with a hard eteel point, whilst the 
undersides eOuld be scratched. 

On slight bending from aa to bb, 



the surface layers broke and many hair- 
like cracks appeared. On further bending 
complete fracture invariably resulted. 

Analyses were made of "each rope, ex- 
cluding the soft core in each case. 

The analyses indicate that the material 
itself is quite perfect. 

The qui-stion as to what caused the ex- 
cessively hard skin was answered by the re- 
sults obtained on microscopic examination. 

Two of the crown worn surfaces of one of 
the outer wires of each tope were placed 
face to face and secured in tJiut position. 
They were ground down t-o the p<iintH a u, 
as shown in the sketch below, and tlie sur- 



faces were polished , etched and photo- 
graphed : — 



The photographs will be seen on the ( 
companying cards. 



Rope B. 

Crown worn wiie, initially free Irom cracks, after 

alight bending— a procees which causes the hard 

skin to break intu a multiude of hair-like cracks. 

Maen tied 6u d'sni. 

It will be noticed that there ie uo evidence 
of any white layers of steel liardened by 
];eating and quenching, which there would 
liave been had excessive friction, and con- 
sequent heating followed by rapid cooling, 
been the cause of the hardening. I am 
forced to conclude, tlieriifore, that the 
hardening is the result of excessive pres- 



Rope A, 

Section through two crowni 
Etched with acid. 



Rope B. 
Section through two crowns 
Etched with acid. 
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sure and friction, which has had the same 
effect as excessive overdrawing, but in a 
much more » pronounced degree. This con- 
clusion is confirmed by the amount of steel 
in the form of exceedingly thin plates which 
were separated from the lubricant in a 
single strand. Much of it was lost, but 
at least one gram was actually weighed, a 
portion of which is returned to you fixed 
on to the surface of one of the cards which 
accompany this report. This material was 
present in each rope, but more in "B** than 
in '*A/' 

During use the surfaces of the rope have 
evidently been pressed too strongly against 
the pulleys; the steel has been forced to 
flow along the surfaces, and eventually has 
escaped from the sides of the crowns, and 
been caught in the grease between the 
wires. 

The steel itself is of excellent quality, 
and has been drawn to its maximum 
strength, but, as will be shown below, not 
beyond that point. 

As the wires were more or less crushed 
on the undersides below the crowns, it was 
impossible to get ^satisfactory results on 
testing for torsion and tenacity, and no at- 
tempt was made in that direction. Other 
tests, however, were made which showed 
that the steel was excellent. 

A series of pieces cut from between the 
worn crowns was filed down on one side 
only, so as to expose a series of surfaces at 
progressive distances from the outside. 
They were then bent over so as to put the 
exposed layers in tension. It was not until 
the steel in the central axis was exposed 
and bent close to I8OO that any sign of 
weakness appeared. All the best wires ex- 
perimented upon, adhering to cards, are 
sent herewith. 

List of Exhibits. 

A,— Sheet 1. 

Diameter, 
mm. 

1. Unworn wire • 2*82 

2. Unworn wire, ground on one side ... 2*60 

3. Unworn wire, ground on one side ... 2-2 

4. Unworn wire, ground. on one side ... 1'6 

5. Unworn wire, ground on one side ... 1'4 

6. Unworn wire, ground on one side ... 1*2 

7. Crown of wire, slightly bent 2-50 

8. Crown of wire more bent ... ... 2'45 

9. Crown of w^ire broken on bending... 2*50 

10. Crown of wire ground off 2*40 

11. Crown of wire ground of! 2*30 

12. Crown of wire ground off 2*00 

13. Crown of wire ground off 1'50 

14. Crown of wire ground off 1*20 

15. Wire hammered on its side. 



B.— Sheet 2. 



Diameter. 



mm. 

1. Unworn wire 3*03 

2. Unworn wire, ground on one side ... 3*00 

3. Unworn wire, ground on one side ... 2*80 

4. Unworn wire, ground on one side ... 2*70 

5. Unworn wire, ground on one side ... 1*90 

6. Unworn wire, ground on one side ... 1*90 

7. Unworn wire, ground on one side ... 1*60 

8. Unworn wire, ground on one side ... 1*50 

9. Crown wire bent 2*70 

10. Crown wire bent 2*70 

11. Crown wire bent 2*75 

12. Crown wire bent and broken 2*70 

13. Surface of sound portion of wire filed 

off and wire bent. 

14. Steel dust extracted from lubricant 

of rope. 

Wires Nos. 7 and 8 on Card No. 2 show 
fracture has occurred in the central part of 
the wire, suggesting a tendency to break up 
with a cup and cone fracture. It was, how- 
ever, not until the wires were bent almost 
close that these fractures appeared. I am 
satisfied, therefore, that as nothing like this 
extreme bending occurs when the rope is 
in use, this localised slight tendency to 
break would not tend to reduce the life of 
the rope. 

It is my opinion that had the wire not 
been drawn to give maximum strength, this 
slight local weakness would not have pre- 
sented itself, but this is open to proof. 

The other bent wires show the material 
to be excellent. 

In order to find out whether the steel be- 
low the hardened and tortured crowns had 
suffered, a series of the worn crown wires 
were ground off to varying and increasing 
extent. The wires were then bent, and, as 
will be seen, the brittleness is entirely con- 
fined to the skin or surface layers, for after 
these were removed the parts below were 
found to be quite equal to the correspond- 
ing parts of the unworn wires. 

In all my long experience I have never 
before met with a case such as this, prov- 
ing that excessive friction, combined with 
excessive pressure, has produced such ex- 
treme surface hardness. 

Few initial cracks could be detected in 
the worn crowns, but on very slight bend- 
ing, the perfectly sound crowns in every 
case cracked at once. A photograph was 
taken of one of these after slightly bend- 
ing. 

Tests were made to determine whether 
or not tlie wires had been overdrawn. 
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Experience has proved that if wire has 
been reduced beyond the safe limit, on 'ham- 
mering the wire on its sides it readily breaks 
up into fibre. All well-drawn wire does 
break up when treated in tiiat way, but it 
takes a good deal of hammering to produce 
longitudinal fractures. 

On submitting the wires of each of these 
ropes to this test it took much hammering 
to effect splitting. I am satisfied, there- 
fore, that the wire-drawer has not ex- 
exceeded the safe Hmit, and the wires are 
not overdrawn. Overdrawn wire usually 
splits longitudinally along the worn crowns 
when the ropes during service have been 
subjected to excessive pressure, but, in the 
ropes in question, nothing of the kind is in 
evidence. 

It is to be noted that the ropes failed at 
distances of 200 and 340 feet from the skip 
end, presumably at points where the exces- 
sive crushing was at a maximum during use. 

It would have been interesting if we 
I'ould have compared the portions sent with 
parts cut from nearer the drum end when 
the tensional stresses approached nearer to 
the maximum." 

From this report it is quite evident that 
the breaking of the wires was entirely due 
to the excessive friction and pressure on the 
wires, caused either by lashing or contact 
with rollers. It has been found, in my ex- 
perience that ropes of a lower quality of 
steel, of same ultimate tensile strength, 
have given better results. 

To sum up the drift of my remarks, my 
cx)ntention is that the highest-grade or pur- 
est steel rope generally is the best for ver- 
tical hoisting, whilst it is not the best for 
compound or incline shafts. By the high- 
est grade, please understand I do not mean 
highest grade in carbon or ultimate break- 
ing stress per square inch, as high-grade 
ropes may be from crucible steel 80 tons per 
square inch B.S. up to high carbon plough 
of 150 tons per square inch B.S. 

E. J. Laschinger (Past President) con- 
tributed the following discussion on the 
paper. He said : 

The thanks of the Institution are due to 
the author for his paper, and he especially 
deserves the thanks of the mining world for 
putting into the form of a definite proposi- 
. tdon a matter which has been exercising 
the minds of mining engineers for a good 



few years past. It has been long recognised 
by those who have made a study of and in- 
vestigated deep-level winding problems that 
the safety factor of six at the upper end of 
a loaded rope could and should be reduced 
in deep winding with advantage to the min- 
ing industry without sacrificing safety in 
operation. Indeed, for very d-eep winding, 
the present Mines and Works Act of the 
Union of South Africa imposes prohibitive 
restrictions in certain cases. 

Mr. Vaughan^s proposition is to fix two 
limits for the factor of safety and to em- 
body these conditions in the mining regula- 
tions, and it is therefore very important for 
engineers here thoroughly to discuss his pro- 
position and to criticise the effect of such 
conditions on the practical operations of the 
mines, existing or contemplated. 

The proposed conditions are : 

(1) To fix the higher static factor of 

safety of the rope where attached to 
the load (designated as ** y, *') at 
eight as a minimum ; and 

(2) to fix the lower static factor of safety 

at the upper end of the rope when 
the load is at its maximum depth 
(designated as " yj ") at four and a 
half as a minimum. 

If either factor of safety becomes less 
than the above figures the rope must be dis- 
carded. 

This of course means that when a new- 
rope is put on the initial factors of safety 
must be much higher to allow for: 

(1) Wear resulting in reduction of cross- 

sectional area of steel. 

(2) Reduction in tensile strength of steel 

in wires. 

The proposition does not take any ac- 
count of the ability of the material of the 
rope to withstand shock or flexure, which 
might be termed a factor of brittleness or 
factor of suitability for the nature of the 
service required. This point was referred 
to by Mr. Izod at the last meeting in his 
contribution to the discussion. 

It has also been pointed out that the pro- 
posed new regulation might bear hardly 
upon shallow mines. 

Before entering upon a discussion of the 
points above mentioned the writer will first 
enter upon an investigation of the static 
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factors of safety and their relations to one 
another and to depth. 

It \s well known that ruptures of the rope 
(outside of causes external to the rope it- 
self) always, or nearly always, occur at the 
lower end, where the static factor of safety 
is greatest. The principal cause of this is 
also well known, being stresses due to kine- 
tic shocks, which at this end are cumula- 
tive in effect up to a certain depth of wind- 
ing, and may mount up to an indefinite 
magnitude, depending upon conditions. This 
part of the rope is also most subjected to 
wear. Another reason for this is the de- 
ti'rioration of the rope due to the occlusion 
of hydrogen gas, resulting from the action 
of acid water or acid gases on the steel, 
which is most prolonged at the lower end of 
the rope; further, also it must be remem- 
bered that the lower end ie constantly under 
strain and gets no relief, whereas the upper 
end of the rope is partly and, in case of 
winding on the drum in layers, completely 
relieved of tensile stress owing to the con- 
traction of the drum shell as more coils or 
layers of rope are wound on. In certain 
cases even the upper end of ropes have 
been damaged when being covered with 
numerous layers of rope, because the con- 
traction of the drum shell was so great that 
the first layer of rope, especially if not un- 
wound for some time, was put into com- 
pression, and the strands opened out and 
wires were buckled. 

It is therefore evident that a minimum 
static factor of safety (y,) for the lower end 
of the rope is a reasonable condition to im- 
pose in a regulation if fixed at a reasonable 
figure. 

With regard to the static factor of safety 
(Va) at the upper end of the rope, it is un- 
doubted that such must also be fixed by 
regulation, as it gives a definite and handy 
measure of assessing the value and safety of 
a rope. It will be conceded, however, that 
this minimum factor of safety should be 
governed by some relation to the depth of 
winding with a certain irreducible minimum 
as a starting point. It is here that the chief 
problem lies. The fixing of y, is in the 
nature of the standard set in a school ex- 
amination in order to test the educational 
qualifications of the pupils ; it is a handy 
method, not a full criterion, but must s-tand 
until something better is evolved nnd can 
be adopted. 

In approaching this problem of fixing the 



minimum factors of safety for the upper 
and lower ends of the rope the writer 
started with the investigation on this basis : 

Allow a factor of safety at critical depth 
y^^ = 6, and for greater depth the same 
sized rope could be used until at ultimate 
depth jgu = 4-5. 

By critical depth is meant the depth of 
shaft such that the length of rope will, ac- 
cording to Mr: Vaughan's definition and 
calculations, not allow kinetic shocks to 
accumulate. This length, as shown by the 
author, is such that the weight of the sus- 
pended rope is 0-35 of the weight at the 
end of the rope. 

In working out the above problem the 
4ilgebraic results give us limits which are 
applicable for any chosen factors. 

The writer has adopted Mr. Vaughan*s 
nomenclature and symbols, except that the 
letter " L " represents the length of rope 
instead of " x,'* because the symbol *'x** 
is rather confusing in arithmetical work. 

The symbols, therefore, are: — 

a =load on end of rope in lbs. 
L — length of rope in feet. 

S-- cross-section area of steel in rope — 
square inches. 

t = tensile strength of steel (short tons 
per square inch). 

yi = factor of safety lower end. 

ya = factor of safety upon upper end. 

Taking the author's assumption that the 
weight of rope = 4SL, which is substan- 
tially correct, and that the laid -up strength 
of a rope is 90 per cent, of that of the 
aggregate wires, we have : 

For winding in vertical shafts — 



_ 1800St_ 
^''~ a+4SL 

ISOOSt 



yi=" 



a 



(1) 



(2) 



or 



Let Lc= critical depth, 

and y^r— upper factor of safety at critical 

depth. 

At critical depth therefore 

4SL,=0-35a (3 

4SL. 



a = 



0-35 



(4) 



From equations (1), (2) and (4) we have 
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71 =l-35y,,. 
and y._^ =0-74yi 
116-5t 



L. = 



or Le 



y*3- 

1575t 

71 



(6) 
(6) 

(7) 
(8) 



It will thus be noticed that by choosing 
•one of the factors of safety the magnitude 
of the other at critical depth is fixed, and 
by choosing either of the factors of safety 
and the tensile strength quality of the steel 
.the critical depth is also determined. 

TABLE A. 

T/ir factor of safety at critical depth being 
chosen and strength of steel — gives 
factor of safety at lower end and 
critical depth. 

1 _ ^ 116-5t 

yi = l-35y,„ 



L.= 






Factorn of Safetv. 



I- 



3 

3-5 
4 

4-5 
5 

5-5 
6 

6-5 
7 

7-5 
8 

8-5 
9 

9-5 
10 



4-05 

4-73 

5-40 

6-08 

6-75 

7-43 

8-10 

8-78 

9-45 

10-12 

10-80 

11-48 

12-15 

12-83 

13-50 



Critical Depth: 
Feet. 

Strength of Steel. 



t=100. 



t=120. 



3,890 
3.330 
2,920 
2,590 
2,330 
2,220 
1.940 
1.790 
1,665 
1,550 
1,457 
1,370 
1,293 
1,225 
1,165 



4,670 
4,000 
3,500 
3,110 
2,800 
2,540 
2,330 
2,150 
2,000 
1,865 
1,750 
1,645 
1,570 
1,475 
1,400 



TABLE B. 

^he factor of safety at lower end of rope 
being chosen and strength of steel — 
gives factor of safety at vpper end at 
actual depth and critical depth. 



y.e=0-74yi 



L.= 



157-5t 

7i 



Factors of Safety. 



4-5 

5 

5-5 

6 

6-5 



7 

7- 
8 
9 
10 
11 
12 
13 
14 






2-96 
3-33 
3-70 
4-08 
4-44 
4-82 
5-19 
5-55 
5-93 
6-66 
7-40 
8-14 
8-89 
9-63 
10-36 



Critical Depth. 
Feet. 



Strength of Ste«5l. 



t=100. 



3,940 
3,500 
3,150 
2,867 
2,630 
2,420 
2,250 
2,100 
1,970 
1,750 
1,575 
1,430 
1,310 
1,210 
1,125 



t=120. 



4,730 
4,200 
3,780 
3,440 
3,150 
2,910 
2,700 
2,520 
2,365 
2,100 
1,890 
1,720 
1,575 
1,455 
1 ,?50 



• The accompanying Tables A and B give 
figures for different assumed factors of 
safety for 100 and 120 ton steel. It will 

thus be seen that for yi=8, yge = 5-93, or 

for y^e. = 6, Yi = 8-10, which means that 
practically Mr. Vaughan's proposition of 
making yi = 8, the factor of safety at the 
critical depth would be 6, which is in ac- 
cordance with tiie existing regulations. The 
critical depth for an ordinary class of high- 
quality wire would be about 2,000 feet. 

Let L„ be the ultimate depth and y.^ 
be the minimum factor of safety, then from 
the former equations, 

3-68U 



^^2-86L„+L„ 



( 



and L„ = L,( 3-86-^-^ - 2-86 

72tt 



) 



(9) 



(10) 



or with Mr. Vaughan's proposition of fixing 
yi and y.^, 



L., = 2-86L 



vl " / 



(11) 



By making the factor of safety y^,^, i.e., 
factor at upper end when load is at critical 
depth equal to six, and the permissible fac- 
tor when load is at ultimate depth equal 
to four and one-half, then equation (10) the 
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ultimate depth at which tJie rope could be 
used would be : 

For 100-ton steel, 4,450 feet. 

For i20-ton steel, 5,340 feet. 

Taking Mr. Vaughan's proposition of 
making y, = 8 and y2 = 4-5 as the limit, then 
the ultimate depth to which the rope could 
be used would be : 

For 100-ton steel, 4,375 feet. 

For r20-ton steel, 5,250 feet. 



since Lu=450t 






(12) 



which equation ie identical in result with 
equation (11). 

Mr. Vaughan's proposition is therefore a 
very uigenious method of assuming that 
any rope complying with his condition has 
a minimum factor of safety of not less than 
six up to the critical depth, and thereafter 
the permissible factor is allowed to be re- 
duced to a minimum of four and one-half. 
The proposition is therefore an eminently 
mtional one, and a distinct step in the right 
direction which should meet with the ap- 
proval of the authorities. 

With regard to the other phase of the pro- 
posal — that this new regukition would im- 
pose a hardship in the working of shallow 
shafts— it is evident that the new regula- 
tion is not so favourable as the existing 
one. Tlie new regulation, by fixing yi = 8, 
means that for any shaft hauling from a 
depth less than the critical, the factor of 
safety at the upper end is always greater 
than six. As a measure of safety it is there- 
fore on the conservative side. The writer, 
after making certain investigation on ropes 
iji actual use for shafts of less tihan the 
critical depth, can show that in general no 
great hardship or abnonnal expenditure 
would be incurred by adopting the standard 
of yi = 8 as a minimum; nevertheless, con- 
siderable expense might be saved in ropes 
hauling very heavy loads from depths less 
than the critical if the old factor of ya = 6 
were retained in such cases. A very sub- 
stantial saving would also be effected in the 
cost of the winding engine enquipment be- 
cause of the smaller size of drum required, 
since the size of drum which will give equal 
flexure or bending strain is in direct ratio 
to the diameter of the rope wound on. It 
is also well known that the size and capac- 
ity of steam cylinders or electric motors for 



winders is governed by the starting torque, 
and not by horse-power capacity, and this 
starting load is in direct proportion to the 
diameter of the drums, and therefore 
governed by the diameter of the rope used. 
On the whole, therefore, the writer is of 
opinion that Mr. Vaughan's proposal is a 
sound and safe one, and would prepare the 
way for further improvement in the regula- 
tions with regard to conditions of \^4nding. 

If the conditions of the proposed regula- 
tion could be made so that the present mini- 
mum factor of y2 = 6 could be retained for 
anything up to the critical depth (or more 
properly speaking, the critical length of 
rope), and the condition y2 = 4'5 and yi = 8 
for greater depths or lengths of rope, fhen 
no hardship or unnecessary expense would 
be incurred over present conditions, and 
for great depths substantial relief would be 
afforded without sacrificing safety. The 
critical depth would, of course, have to be 
clearly defined. It may also be borne in 
mind that such a regulation would not in- 
volve a '* stepped " factor of safety, since 
the two conditions merge into one another 
at the critical depth. 

It will have been noticed that the writer 
has used the terms '* critical depth " and 
" critical length." In vertical haulage the 
two terms are synonymous, but as the 
cumulative effect of kinetic shock is depend- 
ent upon the mass at the end of the rope 
and mass of rope, therefore, in incline haul- 
age critical depth and critical length of rope 
are not synonymous. 

The cumulative effect of kinetic shock is 
well illustrated in the breakage of coup- 
lings of railway carriages. The factor of 
safety on direct tensile stress and tensile 
sta*ength of the couplings is enormously 
liigh, but, owing to the short, length of the 
couplings, the cumulative effect of kinetic 
shock when heavv masses have to be moved 
is incalculable, and must be very high com- 
pared with the direct traction effort. 

Without having the statistics to prove his 
point in a conclusive manner, the writer is 
of opinion that the greater number of rope 
failures in inclined shafts as compared witli 
vertical shafts is due largely to the fact 
that, given equal factors of safety (y,) atr 
the upper end of the rope, the mass at the 
end of the rope compared with the mass 
of the rope is much greater for incline than 
for vertical winding, and therefore kinetic 
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ehocks are much more severe. The writer 
is, of course, aware tlhat ropes used in in- 
cline shafts suffer from wear due to drag- 
ging and flexure over small rollers, etc., 
which conditions do not apply to vertical 
shafts. In incline shafts there are also ac- 
cidents due to derailment which occur more 
frequently than with skips or cages leaving 
the guides in vertical shafts. 

In hu inclined shaft the critical length 
of rope is greater than in a vertical shaft, 
but theoretically with the same safety fac- 
tor the critical vertical depth is the same in 
both cases. For instance, on an incline of 
30 degrees the length of rope which will 
weigh the same as that on a vertical haul 
on the same load will be twice as great with 
the same factors of safety in each case. 

A simple matiliematical investigation will 
show that the relation of the factor of safety 
at the lower end (y,) of a rope used in an 
inclined shaft to the factor at the upper end 
(ya) is the same as for a rope used in a ver- 
tical shaft, as we have 

1800St 
^'^ = (a+4SL sin i <*^>* "^"^P^^^ (^> 

ISOOSt 
^** ^ a sin i ^^^^' compare (2) 

By assuming Mr. Vaughan's proved pro- 
position that the effect of kinetic shocks is 
not cumulative after the mass of rope is 
greater than 035 of the mass at the end of 
the rope, i.e., 

4SLrf=0-35a 

where Lc is the length of rope in an incline 
at critical depth it follows that 

T ll6-5t 

^vi~- — iTz— • (15), compare (7) 



or L.| = 



v.,^. sm 1 
157-5t 



(16), compare (8) 



Yi sm 1 

It would thus appear that a higher fac- 
tor of safety is required for ropes in in- 
chne haulage than for vertical haulage ex- 
cept with very great lengths of rope, but 
the two cases are alike (theoretically) at 
equal vertical depths. A modifying influ- 
ence, however, is introduced by the fact 
that kinetic shocks would in practice not 
be likely to be so severe in inclined as in 
vertical shafts, more especially as incline 
winding is not so rapid as vertical winding. 

With regard to the effect of kinetic shock, 
a good deal of stress must be laid on the 
factors (1) in the appendix to Mr. Vaug- 



han's paper— i.€., that ** a wave trans- 
mitted along a wire rope will probably suf- 
fer considerable diminution in intensity due 
to friction between the strands and wires, 
etc.,*' and (2) that the length of the spiral 
being greater than that of the rope, the rate 
of travel will be lessened. This means that 
the critical depth will be less than that cal- 
culated, and also that ropes are really safer 
than we assume, more especially at great 
depths. 

In all the above calculations and examples 
it is the worn rope just before it is to be 
discarded that is assumed. In choosing a 
new rope, therefore, due allowance must be 
made for the probable wear and any reduc- 
tion in tensile strength with use and age, 
and it is in assessing such factors that the 
experience and judgment of the engineer re- 
sponsible is of the utmost value. It was to 
elicit information from Mr. Vaughan, in his 
wide expeiience of the testing of ropes that 
the writer asked certain questions at the 
last meeting of the Institution, and still 
hopes that the author will give some in- 
formation on these points in his reply. 

The writer can quite understand the 
author's diffidence in proposing any further 
amendments or additions to the mining 
i-egulations, such as laying do\\Ti definite 
rules or tests regarding the ability of the 
wires of a rope having to pass flexure or 
fatigue tests. The precautions already taken 
according to the regulations are thorough 
and ext-ensive. and it is doubtless sound 
policy to go slowly in making hard and fast 
stipulations as to further mechanical testfe. 

In conclusion, the writer would again ex- 
press his appreciation of Mr. Vaughan *s 
paper, and the hope that something tan- 
gible and definite along the lines suggested 
by the author will, after the papers and 
many discussions on the subject during the 
last fourteen or fifteen years, be embodied 
in the Mining Regulations. 

Mr. Lasehinger further said he was very 
much interested in Mr. Cowell's contribu- 
tion and the report from an expert at Home 
which he had just read. 

With regard to certain tests made on wire 
ropes of incline shafts and from the micro- 
photographs shown, which illustrated the 
hardening effect on the abraded outside skin 
of the worn wires, a very good lesson could 
be drawn. Mr. Vaughan had drawn atten- 
tion at the last meeting to the fact that the 
outside skin of worn wires was exceedingly 
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brittle. If the outside of the worn hardened 
surface were filed off the behaviour of the 
wire under flexure tests would be different 
from what it would have been if the sur- 
face had not been filed off. It was quite 
possible that the hardening of the surface 
— the crown wires, as they were called in 
the report — was due to a very large extent 
to the fact that when those wires struck 
the rollers they attained a very high tem- 
perature, and it was not so much the pres- 
sure that caused tlie alteration in the struc- 
ture of the steel as the fact that the tem- 
perature of the crown, for a very small 
depth, had been so highly raised that the 
microscopic structure, the physical quality 
of the steel, had been altered. He had al- 
ready expressed the view that, owing to 
kinetic shocks, wire ropes in incline shafts 
were not as safe as thev w^ere in vertical 
shafts with the same factor of safety and 
the same length of rope, and any ofher fac- 
tor which would aggravate those adverse 
conditions of incline as against vortical 
winding should be noted and due allowance 
made when ordering ropes for incline shafts. 

J. 1{. Co WELL observed that Mr. Stead 
had said that, according to the photographs, 
there were no marks which would indicate 
heating and cooling. Mr. Stead had put 
stress on that point, showing that the re- 
sult was due to friction and pressure rather 
than heat. 

THE FACTOR OF SAFETY OF WIRE 
ROPES USED FOR WINDING IN 
MINE SHAFTS. 



Papkr by J. A. Vaughan (Past President). 



Aiithor*8 Reply to Discussion. 

June, 1918. 

In starting to reply to tlie discussion on 
the paper, " The Factor of Safety of Wire 
Ropes Used for Winding in Mine Shafts,*' 
the author would like to reiterate that the 
proposals contained in this paper were not 
intended to alter the conditions under which 
winding is carried out at present on the 
Rand in shafts of moderate depth, say, less 
than 2,500 feet. This appeared to be quite 
clear from the statement on pages 98 and 
99 of the November, 1917, Journal^ viz. : — 

" Seeing that a minimum factor of safety 
6 has been found sufficient at shallow and 
moderate depths, and seeing that the rope 



denoted by yi-8 provides for a factor of 
safety of 6 within the danger zone, i.e., the 
area to the left of the critical curve in the 
Diagram 2, the writer proposes to allow 
this rope, or a rope with the same capacity- 
factor, to go down further, to depths where 
•the factor of safety is 5 or even 4'5." 

From Diagram 2, it can be seen that, for 
a rope whose yi = 8, of 120 tons steel, at 
3,000 feet the factor of safety (y,) will be 
5-54, and at 4,000 feet it will be 50. 

Mr. Roger Price missed this point and 
imagined that the author insisted on the 
values yi = 8 and y2 = 4'5 being simultane- 
ously applied to a winding rope, for any 
depth. Hence, in his redutio ad ahsurdum, 
he arrived at the value of 61 '7 tons for '*B,'* 
the available breaking stress of the steel 
wire. This rope would most probably not 
comply with Regulation 17 (2), which 
states : — 

'* Every rope used for winding purposes 
. . shall be made of steel wire, and 
the gauge of the wires used in the construc- 
tion of such rope shall be suited to the dia- 
meter of the sheaves and drums fitted." 

To prevent any misconception, however, 
the author proposes that, after the words 
*• steel wire " in Regulation 17 (2), the 
qualif3'ing clause be added — " of ultimate 
tensile strength of not less than 100 tons 
(of 2,000 lbs.) per square inch." This would 
lead at the low limit to values of yj (mini- 
mum), 5-07 at 3,000 feet and 5*9 at 2,000 
feet. These figures supply an answer to 
Mr. Price's contention that the author's 
scheme did not afford relief in the case of 
shafts as shallow as 3,000 feet. It niay be 
again pointed out that by adopting the limit 
of yi = 8, a gradual reduction of yj is pro- 
vided for outside the critical area, culmin- 
ating in the value y2 = 4*5 at a depth of 

13?? B (5,250 feet in the case of B = 108, 
3o 

I.e., 90 per cent, of 120 tons per square 

inch), while there is a gradual increase of y, 

inside the critical area leading to the value 

yj, = 8 at the surface. 

Mr. Ijaschinger appealed against this pro- 
posed raising of 5^2 above 6. In spite of his 
opinion to the contrary, it must be main- 
tained tlhat if his ideas were carried into 
effect, a ** stepped " system would be the 
result, the value of v^ from 8 at 2,250 feet 
to 7-7 at 2,000 feet,'' and 6*75 at 1,000 feet 
depth. 
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The author in the original paper, and Mr. 
E. G. Izod in liis contribution to the dis- 
cussion, pointed out from Htatistios tliut 
no hardship would bo caused by fixing the 
minimum value of y, at 8 for all depths. 
There would be no interference with pre- 
sent practice in the shallower shafts, which 
means, of course, that engineers have not, 
up to the present, taken advantage of the 
.apparently permissible reduction in yj to 
the minimum of 6, for reasons which will 
.be shown later. 

Thanks are due to Mr. A. 0, Whittome 
for so completely disposing of Mr. Roger 
Price's criticisms dealing with the author's 
method of assessing the breaking load of 
a wire rope, as also its weight per foot. 
Nothing remains to be' added with respect 
,to tiiese matters, except to point out that 



is exhibited, of 6,1 construction, in which 
all the strands are broken, but not com- 
pletely, the soft core wire in each case re- 
maining iutact. Again, in a test when a 
single strand breaks in advance, there is. 
owing to the slack given out, a release of 
the stress on the remaining five strands, 
and one or more of these will break before 
the maximum test load is again reached. 

Mr, A. E. du I'asquier's remarks showed 
u thorough understanding of the author's 
arguments and citlculutions, and it was 
pleasing to note that his considerable ex- 
perience in winding problems permitted him 
to acquiesce in the proposal to reduce y^ 
when outside the danger zone, and to state 
that Ibis would be in sympathy with the 
inodeni tendency in the direction of wind- 
ing heavier loads at slower speeds. 



in the cases of the larger ropes, of dia- 
meters 15 in. to 2 in,, although the test re- 
sults of new ropes do disclose less than a 
flO per cent, efficiency, this is caused by the 
nicking nf the wires at their points of con- 
tact between adjacent strands, the num- 
ber of point .Tontacts to bear the test load 
' being less In proportion than in the cases 
of smaller ropes. This apparent inefficiency 
should be lessened during the working life 
of the rope as its ultimate strength de- 
creases. The nicking effect of round wires 
against each other is of small importance 
compared to that of other possible defects. 
While alluding to test results of new 
ropes, it may be well to mention that Mr. 
A. C. Whittome was not quite correct in 
stating that it was unknown for four strands 
to break at once. This does occasionally 
occur, as also does the fracture of all six 
strands at once. An interesting specimen 



The author cannot, however, agree with 
him when he states that the proper use to 
make of the reduction in y, is to employ 
steel of a lower ultimate tensile stress. 
There appears no reason to question the 
reliability of wires drawn up to as high as 
140 short tons. 

The successful experience of the Robin- 
son Deep G.M, Co., with Ig in. diameter 
ropee of about 140 tons tensile, was fully 
set forth in certain communications in the 
Journah of this Institution of January and 
February, 1918. 

Of 234 ropes recently tested, of diameters 
from 1 in. to 2 in., the wires of 88 were 
of grade 110 120 tons; 125 from 120/130 
tons, and 76 from 130/140 tons. 

In very few nf these cases could the i^le 
y, min.=6 have been the determining fac- 
tor, so that one is forced to the conclusion 



